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The present invention relates to a catalyst for polymerizing an olefin and a method for polymerizing the 
olefin. More particularly, the present invention relates to a polymerization catalyst which produces an olefin 
polymer at a high activity, and also relates to a method for polymerizing an olefin by using said catalyst. 

It is known to produce an olefin polymer by polymerizing an olefin in the presence of a catalyst 
5 comprising (1) metallooene and (2) alumoxane (Japanese Patent Publication No. 12283/1992 and Japanese 
Patent Laid Open No. 35007/1985). 

However, these catalyst systems are often soluble in reaction systems, and consequently they have 
problems in the production line that particle properties of olefin polymers obtained by slurry polymerization 
or gas phase polymerisation are very poor. For example, the olefin polymers thus obtained have indefinite 
10 particle shapes and small bulk densities, and contain lots of fine powders. Also, the polymers thus obtained 
have relatively nanrow molecular weight distributions, and therefore they are hardly moldable due to low 
melt tension when they are molded by various molding methods. Taking an ethylene type polymer for 
instance, draw-down occurs, and the thickness of the molded product is not uniform, and sometimes it is 
blown through when it is subjected to blow molding. Also, when an inflation film is molded at a high speed, 
fs a bubble is broken or unstable, and when it is molded by T-dle molding, the skin of the mokled product 
becomes rough and neck-in tends to occur. 

On the other hand, in order to solve the above-mentk>ned problems, a method has been proposed 
wherein poiymerization of an olefin is conducted by using a catalyst whk:h one or both of a transition metal 
compound and an organoaluminum compound is supported on an inorganic oxide, such as silica or 
20 alumina, or an organic material (Japanese Patent LakI Open No. 35007/1985. No. 31404/1986. No. 
108610/1986. No. 276805/1986 and No. 296008/1986). 

However, the polymers obtained by these metliods contain lots of fine powders and coarse particles, 
and have low bulk densities, thus providing poor particle properties and in addition providing new problem 
such as a low polymerization activity per solid component. Further, there have been reported a catalyst for 
25 polymerization of an olefin which comprises a metallocene compound and an alumoxane supported on 
smectite (Japanese Patent Laid Open No. 25214/1993) and a catalyst for polymerizing an olefin by using an 
alumoxane, a metallocene compound and a layered clay mineral which has been treated with a metal oxide 
or a precursor of a metal oxide and then calcined in the presence of oxygen (Japanese Patent Laid Open 
No. 33814/1995). 

30 Recently, various polymerization methods of olefins have been proposed for improving the above- 
mentk)ned molding properties. For example, Japanese Patent Laid Open No. 213306/1992 proposes a 
method for polymerizing ethylene and a-olefin in the presence of a catalyst system comprising (1) a 
transition metal compound having a structure, as a ligand, crosslinked with at least two groups having 
cyclopentadienyl structure by means of a carbon and/or silicon-containing group and (2) an alumoxane as 

35 an organic metal component, as the essential components. However, the copolymer obtained by the above- 
mentioned method is still unsatisfactory although the above-mentioned molding properties are somewhat 
improved. 

In order to solve these problems, the present inventors have previously proposed a method of using a 
specific solid component (Japanese Patent Laid Open No. 301917/1993). However, this method is not 

40 always satisfactory in respect of polymerization activity per solid component. 

The present inventors have conducted extensive studies to soh^e the above problems, and accom- 
plished the present invention. Thus, the present invention resides in a catalyst for polymerizing an olefin, 
whteh comprises, as the essential components, (A) a metallocene-type transitkm metal compound and (B) at 
least one member selected from the group consisting of (1) an ion-exchanging layered compound other 

45 than a silicate and (2) an inorganic silicate, whk:h is obtained by saH-treatment and/or acid-treatment and 
which has a water content of not higher than 3% b)^ weight, and also reskles in a method for polymerizing 
an olerin, which comprises homopolymerizing or copolymerizing an olefin in the presence of said catalyst. 

Now, the present inventton will be described in further details hereinafter (the atorvis described herein 
are defined by the Periodic Table employing 18 Group system defined by lUPAC in 1989). 

50 The metallocene-type transition metal compound of component (A) to be used in the catalyst of the 
present invention, is an organometallic compound or a cation-type complex thereof, composed of (i) one or 
two cyclopentadienyhtype ligands which may be substituted, i.e. one or two cyclopentadienyl ring- 
containing ligands wherein substituents may bond to form a fused ring, and (ii) a transition metal of Group 
3, 4. 5 or 6 of the long-form Periodic Table. 

55 Prefenred as such a metallocene-type transition metal compound of component (A) is a compound of 
the following formula (1) or (2): 

(CpR^H5-a)^(CpR2bH5-b)qMR^ (1) 
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[(CpmaH5.a)p(CpR2bH5-b)qMR3,U,)'>*[R<r (2) 

wherein CpR^Hs-a and CpR^bHs-b ace a cyclopenladienyl (Cp) group derivative. 

5 In the formula (1) or (2), each off and R^ which may be the same or different, is a C1-20 hydrocarbon 
group which may be substituted, a silicon-containing group, a phosphorus-containing group, a nitrogen- 
containing group or an oxygen-containing group. 

Examples of and R^ groups include an alkyi group such as methyl, ethyl, propyl, isopropyl. butyl, 
isobutyl, t-butyl. pentyl, isopentyl. hexyl. heptyl, octyl. nonyl or decyl; an aryl group such as phenyl, p-tolyl, 

70 o-tolyl or m-tolyl; a halo-substituted hydrocarbon group such as fluoromethyl, fluoroethyl. fluorophenyl. 
chloromethyl. chloroethyl, chlorophenyl. bromomethyl, bromoethyl. bromophenyl, iodomethyl. iodoethyl or 
iodophenyl; a siHcon-containing substituent such as trimethyisilyl. triethylsilyl or triphenylsilyl; an alkoxy 
group such as methoxy. ethoxy. propoxy. isopropoxy, butoxy. isobutoxy or t-butoxy; an aryloxy group such 
as phenoxy. methylphenoxy, pentamethylphenoxy. p-tolyloxy, m-tolyloxy or o-tolyloxy; and the like. Among 

75 them, preferable examples include a C1-4 alkyI group such as methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl or t-butyl; a silicon-containing substituent such as trimethyisilyl; an alkoxy group such as methoxy; 
and an aryloxy group such as phenoxy. 

Further, R^ and R^ may bond each other to form a crosslinking group. 

Specifically, it may be an alkylene group such as methylene or ethylene; an alkylidene group such as 

20 ethylidene, propylidene, isopropylldene, phenylrnethylidene or diphenylmethylidene; a silicon-containing 
crosslinking group such as dimethylsilyiene. diethyisilylene, dipropylsilylene. diisopropylsilytene, diphenyl- 
silylene, methylethylsilylene, methylphenylsilylene. methylisopropylsilylene or methyt-t-butylsllylene; a ger- 
manium-containing crosslinking group such as dimethylgermilene, diethylgermilene, dipropylgermilene, 
diisopropylgermilene. diphenylgermilene, methylethylgermilene. methylphenylgermitene, methylisopropyl- 

25 germilene or methyl-t-butylgermilene; an amino group; or a phosphinyl group. 

Still further, R^ and R\ or R^ and R^ may respectively bond each other to form a ring. Preferable 
examples include an Indenyl group, a tetrahydroindenyl group, a fluorenyl group, an octahydrofluorenyi 
group and the like, which may be substituted. 

Examples of a R^ group include a C1-20 hydrocarbon group which may be substituted, hydrogen, a 

30 halogen, a silicon-containing substituent an alkoxy group, an aryloxy group, an amide group or a thioalkoxy 
group. Specific examples include an alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t- 
butyl, pentyl. isopentyl, hexyl, heptyl, octyl, nonyl or decyl; an aryl group such as phenyl, p-toiyi, o-tolyl or 
m-tolyl; a halo-substituted hydrocarbon group such as fluoromethyl, fluoroethyl, fluorophenyl, chloromethyl, 
chloroethyl, chlorophenyl, bromomethyl. bromoethyl. bromophenyl. iodomethyl, iodoethyl or iodophenyl; a 

35 halogen atom such as fluorine, chlorine, bromine or iodine; a silicon-containing substituent such as 
trimethyisilyl, triethylsilyl or triphenylsilyl; an alkoxy group such as methoxy, ethoxy, propoxy, isopropoxy, 
butoxy. isobutoxy or t-butoxy: an aryloxy group such as phenoxy. methylphenoxy, pentamethylphenoxy, p- 
tolyloxy. m-tolytoxy or o-tolyloxy; an amide group such as dimethylamide. diethylamide, dipropylamide, 
diisopropylamide, ethyl-t-butylamide or bis(trimethylsi!yl)amide; and a thioalkoxy group such as methyl- 

40 thioalkoxy, ethylthioalkoxy, propylthioalkoxy. butylthioalkoxy, t-butylthioalkoxy or phenylthioalkoxy. Prefer- 
able examples include hydrogen, a methyl group, an ethyl group, a propyl group, an isopropyl group, a 
butyl group, a phenyl group, a hak>gen atom such as chlorine, a methoxy group, an ethoxy group, a 
propoxy group, an isopropoxy group, a dimethylamide group or a methytthioalkoxy group, and more 
preferable examples include hydrogen, a methyl group or chlorine. 

45 Further, R^ may bond with R^ R^ or Cp, and examples of such a ligand include CpH4(CH2)nO- (1:Sn^5}, 
CpMe4(CH2)nO- (l^niS). CpH4(Me2Si)(t-Bu)N- and Cp(Me4(Me2SI)(t-Bu)N- (Cp is a cyclopentadienyl group, 
Me is a methyl group and Bu is a butyl group). 

Still further, R^ may bond each other to form a didentate ligand, examples of which include -0CH20-, 
-OCH2CH2O- and -0(o-C6H4)0-. 

so M is an atom of Group 3, 4, 5 or 6 of the long-form Periodic Table, examples of which include 
scandium, yttrium, lanthanum, cerium, praseodymium, neodymium, samarium, europium, gadolinium, ter- 
bium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, actinium, thorium, protactinium, uranium, 
titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten. Prefer- 
able examples include Group 4 atoms such as titanium, zirconium and hafnium. They may be used in a 

55 mbcture. 

L is an electrically neutral ligand, and m is its number and is an integer of 0 or more. Examples include 
ethers such as diethyl ether, tetrahydrofuran or dioxane; nrtriles such as acetonitrile; amides such as 
dimethylfonmamide; phosphines such as trimethylphosphine; amines such as trimethylamine; and the like. 



3 



EP0 683 180 A2 



Preferable examples include tetrahydrofuran, trimethylphosphine or trimethylamine. 

[R^]^ is one or two or more anion to neutralize a cation, and examples include tetraphenyi borate, 
tetra(p-tolyl)borate, carbadodeca borate, dicarbaundeca borate, tetrakis(pentafluorophenyl)borate. 
tetrafluoroborate. hexafluorophosphate and the like. Preferable examples include tetraphenyi borate. tetra(p- 

5 tolyl)borate, tetrafluoroborate or hexafluorophosphate. a and b are respectively integers of from 0 to 5. Also, 
p, q and r are 0 or positive integers which satisfy the equation, p+q + r=V(V = the valence of M), in case 
that the metailocene-type transition metal compound is a compound of the formula (1), or p, q and r are 0 
or pos'rtive integers which satisfy the equation, p+q-f r=V*^, in case that the metaliocene-type transition 
metal compound is a compound of the formula (2). Usually, p and q are integers of from 0 to 3, preferably 0 

10 or 1, and r is an integer of from 0 to 3, preferably 1 or 2. n is an integer to satisfy OSn^. 

The catalyst of the present invention is capable of producing any one of an isotactic polymer, a 
syndiotactic polymer and an atactic polymer. 

Taking zirconium as an example, specific examples of the above metallocene-type transition metal 
compound corresponding to the formula (1) include 

15 bis(methy!cyclopentadienyl)zirconium dichloride, bis(ethylcyclopentadienyl)zirconium dlchloride, bis- 
(methylcyclopentadienyl)zirconium dimethyl, bis(ethylcyclopentadienyl)zirconium dimethyl. bis- 
(methylcyclopentadienyl)zirconium dihydride. bis(ethylcyclopentadienyl)zirconium dihydride. bis- 
(dimethylcyclopentadienyl)zirconium dichloride, bis(trimethylcyclopentadienyl}zirconium dichloride. bis- 
(tetramethylcyclopentadienyl)zirconium dichloride. bis(ethyltetramethylcyclopentadienyt)zirconium dichkh 

20 ride, bis(indenyt)zirconium dichloride, bis(dimethyIcyclopentadienyl)zirconium dimethyl. I^s- 
(trimethylcyclopentadienyl)zirconium dimethyl. bis(tetramethylcyclopenladienyl)2irconium dimethyl, bis- 
(ethyltetramethylcyclopentadienyi)zircontum dimethyl, bis(indenyl)zirconium dimethyl, bis- 
(dimethylcyciopentadienyl)zirconium dihydride, bis(trimethylcyclopentadienyl)zirconium dihydride, bis- 
(ethyltetramethylcyclopentadienyl)zirconium dihydride, bis(trimethylsilylcyctopentadienyl)zirconium dimethyl, 

26 bis(trimethylsilylcyclopentadienyl)zirconium dihydride, bis(trif!uoromethylcyclopentadienyl]ziroonium dichlo- 
ride. bis(trifluoromethylcyclopentadienyl)zirconium dimethyl, bis(trifluoromethylcyclopentadienyl)zirconium 
dihydride. isopropylidenebis(indenyl)zirconium dichloride, isopropylidenebis(indenyl)zirconium dimethyl, 
isopropylidenebis(indenyl}zirconium dihydride, pentamethylcyclopentadienyt(cyck)pentadienyl)zirconium di- 
chloride, pentam6thytcyck>pentadienyl(cyclopentadienyl}zirconium dimethyl, pentamethylcyclopentadlenyl- 

30 (cyclopentadienyQzirconium dihydride. ethyltetramethylcyclopentadienyl(cyc]opentadienyl)-zirconium 
dihydride, isopropylidene(cyck)pentadienylKfluorenyl)zirconium dichloride, i30propylidene(cyclopentadienyl>- 
(fluorenyl)zirconium dimethyl, dimethylsilyl(cyclopentadienyl)(fIuorenyl)zirconium dimethyl, isopropylidene- 
(cyclopentadienyl)(fluorenyl)zirconium dihydride, bis(cyclopentadienyl)zirconium dichloride, bis- 
(cyclopentadienyl)zirconium dimethyl, bis(cyclopentadienyl)zirconium diethyl, bis(cyclopentadienyl)- 

35 zirconium dipropyl, bis(cyclopentadienyl)zirconium diphenyl, methylcyclopentadienyl(cyclopentadienyl)- 
zirconium dichloride, ethylcyclopenladienyl(cyclopentadienyl)zirconium dichloride. methylcyclopentadienyl- 
(cyclopentadienyl)zirconium dimethyl, ethylcyclopentadienyl(cyclopentadienyl)zirconium dimethyl. 
methylcyclopentadienyl(cyclopentadienyl)zirconium dihydride. ethylcyclopentadienyl(cyclopentadienyl)- 
zirconium dihydride. dimethylcyclopentadienyl(cyclopentadienyl)zirconium dichloride, 

40 trimelhylcyclopentadienyl(cyclopenladienyl)zirconium dichloride, telramethylcyclopentadienyl- 
(oyclopentadienyl)zirconium dichloride. bis(pentamethylcyclopentadienyl)zirconium dichloride, 
tetramethylcyclopentadienyl(cyclopentadienyl)zirconium dichloride, indenyl(cyclopentadienyl)zirconium di- 
chloride, dimethyteyclopentadlenyl(cyclopentadienyl)zirconium dimethyl, trimethylcyclopentadienyl- 
(cyclopentadienyQzirconium dimethyl. tetramethylcyclopentadienyl(cyclopentadienyl)zirconium dimethyl, 

45 bis(pentamethylcyclopentadienyl)zirconium dimethyl, ethyltetramethylcyclopentadienyt(cyclopentadienyl)- 
zirconium dimethyl, indenyl(cyclopentadienyl)zirconium dimethyl, dimethylcyclopentadienyl- 
(cyclopentadtenyl)zirconium dihydride, trimethylcyclopentadienyl(cyclopentadienyl)zirconium dihydride. bis- 
(pentamethylcyclopentadienyl)zirconium dihydride, indenyl(cyclopentadienyl)zirconium dihydride, 
trimethylsilylcyclopentadienyl(cyclopentadienyl)zirconium dimethyl, trimethylsilylcyclopentadienyl- 

so (cyclopentadienyl)zirconium dihydride, trifluoromethylcyclopentadienyl(cyclopentadienyl)zirconium dichlo- 
ride. trifluoromethylcyclopentadienyl(cyclopentadienyl)zirconium dimethyl, trifluoromelhylcydopentadlenyl- 
(cyclopentadienyl)zirconium dihydride, bis(cyclopentadienyl)(trimethylsilylXmethyl)zirconium, bis- 
(cyclopentadienyl)(triphenylsilylKmethyl)zirconium, bis(cyclopentadienyl)[tris(dimethylsilyl)silylKmethyl)- 
zirconium, bis(cyclopenladienyl)Ibis(methylsilyl)silyl](methyl)zirconium. bis{cyclopentadienyl)(trimethylsilyl)- 

55 (trimethylsilylmethyl)zirconium. bis(cyctopentadienylKtrimethylsilyl){benzyl)zirccnium, methylenebis- 
(cyclopentadienyl)zirconium dichloride, ethylenebis(cyclopentadienyl)zirconium dichloride, 
isopropylidenebts(cyclopentadienyl)zirconium dichloride, dimethylsilylbis(cyclopentadienyl)zirconium dichlo- 
ride, methylenebi3(cyclopentadienyl)zirconium dimcithyl, ethylenebi3(cyclopentadienyl)zirconium dimethyl. 
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isopropyliden8bjs(cyclop8rrtadienyl)2irconium dimethyl, dim8lhyIsilyIbis(cyclopentadienyI)zirconiufn 
dimethyl. methy!enebls(cyclopentadienyl)2irconium dihydride, ethylenebis(cyclopentadienyl)zirconium 
dihydride, isopropylidenebis(cyclopenladienyl)zirconium dihydride, dimethylsilylbis(cyclopentadienyl)- 
zirconium dihydride. bis(cyclopentadienyl)zircx)niumbis(methane3ulfonate), bis(cyclopentadienyl)- 

5 ztrconiumbi3(p-totuenesulfonate). bi3(cyclopentadienyl)zirconiunnbis(trl1luoromethanesulfonate>. bis- 
(cyclopentadienyl)zirconiumtrifluoromethanesulfonate chloride, bi$(cyclopentadienyi)zirconiumbis- 
(benzenesulfonate). bis(cyclopentadienyl)zirconiumbl3(pentafluorobenzene3utfbnate), bis(cyclopemadienyl)- 
zirconiumbenzenesulfonate chloride. bis(cyclopentadienyi)ztrconium(ethoxy)trrfluorome1hanesulfonate. bis- 
(tetramethylcyclopentadienyl)zirconiumbis(trif1uoromethanesulfonate), bis(indenyl)zirconiumbt3- 

10 (trifluoromethanesuHbnate), ethylenebis(indenyl)zirconiumbis(trif)uoromethanesulfonate), Isopropyltdenebis- 
(ind8nyi}zrrconiumbis(trifluoromethanesulfonate). (t-butylamide)dimethyl(tetramethylcyclopentadi8nyl>- 
silanedibenzylzirconium. (t-butylamid8)dimethyl(2.3.4,5-t8tramethylcyclop8ntadienyl)silanedibenzylzirconium, 
indenylzirconiumtris(dimethylamide). indenylzirconiumtris(diethylamide), indenylzirconiumtris(di-n-pro- 
pyiamide), cyclopentadienylzirconiumtris(dimethylamide), methylcyclopentadienylzircoriiumtris- 

15 (dimethylamide). (t-butylamideKtetramethytcyclopentadienyl)-1 ,2-ethanediylzirconium dichtorlde. 
(methylamide)(tetramethy!cyctopentadienyl)-1.2-8thanediylzirconium dichloride. (ethylamide)- 

(tetramethylcyclopentadienyOmethylenezirconium dichloride, (t-butylamide)dimethyl- 

(tetramethylcyclopentadienyl)silanezirconium dichloride. (benzylamide)dimethyl- 

(tetramethytcyclopentadienyl)3ilanezirconium dichloride, (phenylph03phide)dimdthyl- 

20 (tetrainethylcyclopentadienyl)silanezirconium dibenzyl, (phenylamide)dimethyl(tetramethylcyclopemadienyl)- 
silanezirconium dichloride, (2-methoxyphenylamide)dimethyl(tetramethylcyclopentadienyI)silanezirconium di- 
chloride, (4-fluorophenylamide}dimethyl(tetramethylcyctopentadienyi}silanezirconium dichloride. ((2.6-di(1- 
methylethyl)phenyl)amide)dimethyi(tetramethylcyclopentadienyl)amidezirconium dichloride, and the like. 
Further, those corresponding to the formula (2) include a bls(methylcyclopentadlenyl)zlrconlum- 

;?5 (chloride)(tetraphenylborat8)tetrahydrofuran complex, a bi3(ethylcyctopentadienyl)zirconlum(chloride)- 
(tetraphenylborate)tetrahydrofuran complex. a bis(methylcyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex. a bis(ethylcyclopentadienyl)zirconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, a bis(methylcyclopentadienyl)zirconium(hydride)- 
(tetraphenylborat8)tetrahydrofuran complex, a bis(6thylcyclopentadienyl)zirconium(hydrid6)- 

30 (tetraphenylborate)tetrahydrofuran complex, a bls(dimethylcyclopen1adlenyl)zirconium(chloride)- 
(tetraphenylborate)tetrahydrofuran complex. a bi8(trimethylcyclopentadienyl)2irconium(chloride)- 
(tetraphenylborate)telrahydrofuran complex, a bis(tetramethylcyclopentadienyl)2irconium(chloride)- 
(tetraphenylborat8)t8trahydrofuran complex, a bi3(ethylt6tramethylcyclop6ntadienyl)zirconium(chloride)- 
(tetraphenylborate)letrahydrofuran complex. a bis(indenyl)zirconium(chloride)(tetraphenylborate)- 

3S tetrahydrofuran complex, a bis(dimelhylcyclopentadienyl}zirconium(methyl)(tetraphenylborate)- 
tetrahydrofuran complex, a bis(lrimethylcyclopentadienyl)zirconium(methyl)(tetraphenylborate)- 
tetrahydrofuran complex. a bis(t8rtramethylcyclopentadi6nyl)zirconium(m8thyl)(tetraphenylborate)- 
tetrahydrofuran complex, a bis(ethyHertramethylcyclopentadlenyl)zirconium(methyl)(tetrapheny{borate)- 
tetrahydrofuran complex, a bls(indenyl)zirconium(m6thyl)(t8traphenylborate)tetrahydrofuran complex, a bis- 

40 (dimethylcyclopentadieny))zirconium(hydride)(tetniphenyit>orate)tetrahydrofuran complex, a bis- 
(trim8thylcyclop8ntadi8nyl)zirconium(hydride)(tetraph8nylborate)tetrahydrofuran complex, a bis- 
(ethyltetramethylcyclop8ntadienyl)zirconium(hydhd8)(tetraphenylborate)tetrahydrofuran complex, a bis- 
(trimethyl3ilylcyclopentadlenyl)zirconium(methyl)(tetraphenylt>orate)tetrahydroffuran complex, a bls- 
(trimethylsilylcyc!opentadienyl)zirconium(hydrideXtetraphenylborate)tetrahydrofuran complex. a bis- 

45 (trifluoromethylGyclop8ntadi8nyl)zirconium(methyl)(tetraphenylborate)t8trahydrofuran complex, a bis- 
(trifluoromethylcyclopentadienyl)zirconlum(hydride)(tetraphenylborate)tetrahydrofuran complex, an 
isopropylidenebis(indenyl}zirconium(chloride)(t8traph8nylborate}tetrahydrofuran complex, an 

isopropyiidenebis(indenyf)zirconium(methyl)Oetraphenylborate)teirahydr^ complex, an 

isopropytidenebls(indenyl)zirconium(hydrid6)(tetraphenylborat8)tetrahydrofuran complex, a 

50 pentamethylcydopentadienyl(cyc!opentadienyf)zirconium(chlorlde)(t8traphenylborate)tetrahydrofuran com- 
plex, an ethyltetram8thylcyclop8ntadienyt(cyclopentadienyl)zirconium(chk)ride)(tetraphenylborate)- 
tetrahydrofuran complex, a pentamethylcyclopentadienyt(cyclopentadienyl)zlrconium(methyl)- 
(tetraphenylborate)tetrahydrofuran complex, an ethyltetramethylcyclopentadienyl(cyctopentadlenyl)- 
zirconium(methyl)(tetraphenylborate)tetrahydrofuran complex, a pentamethylcydopentadienyl- 

55 (cyclopentadienyl)zirconium(hydride)(telraphenylborate)tetrahydrofuran complex. an 

ethyltetramethylcyclopentadienyl(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran 
complex, an isopropylidene(cyclopentadienyl}(fluorenyl)zlrconium(chloride)(tetraphenylborate)tetrahydrofuran 
complex, an lsopropylider)e(cyclopentadienyQ(fiuorenyl)zirconlum(methyl)(tetraph6nylborat6)tetrahydrofuran 
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complex, an isopropyliden8(cyclopentadienyl)(fluoreny02irconium(hydrkle)(tetraph8nylborale 
complex, a bis(cyclopentadienyl)2irconium(chlofide)(tetraphenylborate)tetrahydrof^ complex, a bis- 
(cyclopenladienyl)(methyl)zirconlum(tetraphenylboraje)tetrahydrcrfuran complex, a bls(cyctopentadlenyl>- 
(elhyl)zirconium(tetraphenylborate)tetrahydrofuran complex, a bis(cyctop8ntadienyl)(propyl)2irconium- 
(tetraphenylborat6)tetrBhydrofuran complex, a bis(cyclopentadienylKph6nyl)zirconium(tetraphenylboratd)- 
tetrahydrofuran complex, a melhylcyclopentadienyl(cyclopentadienyl)zirconium(chloride)(tetraphenylborate)- 
tetrahydrofuran complex, an ethytcyclopentadienyl(cyclopentadtenyf)zirconium(chlofide)(tetraphenylborate)- 
tetrahydrofuran complex, a bts(ethylcyclopentadienyi)zirconium(chloride)(tetraphenytborate)tetrahydrofuran 
complex, a methy(cyclopentadienyt(cyclopentadienyl)zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, an ethylcyclopentadienyf(cyclopenladi8nyl)zirconium(methyl)(tetraphenylborate)tetrahydrofur^^ 
complex, a methylcyclopentadienyl(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran 
complex, an ethylcydopentadtenyt(cyclopentadienyi)zirconium(hydride)(tetraphenytborate)tetrahydrofuran 
complex, a dimethy)cyclopemadienyl(cyclopentadienyl)zirconium(chloride)(tetraphenylborate)tetrahydrofuran 
complex, a trimethylcydopentadienyl(cyclopentadienyl)zirconium(chloride)(tetraphenylborate)tetrahydr 
complex, a tetramethylcyclopentadienyl(cyclopentadienyl)zirconium(chloride)(tetraphenylbor^ 
tetrahydrofuran complex, a bis(pentamethylcyclopentadienyl}zirconium(chloride)(tetrapheny!borate)- 
tetrahydrofuran complex, an indenyl(cyclop6ntadi6nyl)zircontum(chloride)(tetraphenylborate)tetrahydrofuran 
complex, a dimethylcyclopentadienyl(cyclopentadienyl)2irconium(methyl)(tetraphenylborale)le!rahydrofuran 
complex, a trim6thylcyclopentadi6nyl(cyclopentadienyl)zirconium(methyt)(tetraphenylborat8)tetrahydrofuran 
complex, a tetramethylcyclopentadlenyl(cyclopentadienyi)zirconium(methyl)(tetraphenylborate)- 
tetrahydrofuran complex. a bis(pentamethylcyclopentadienyl)zirconium{methyl)(te!raphenylborate)- 
tetrahydrofuran complex, a cyclopentadienyl(indenyl)zirconium(methyl)(tetraphenylborate)tetrahydrofuran 
complex, a dimethylcyclopentddienyt(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran 
complex, a trimethylcydopentadienyl(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran 
complex, a bis(pentamethylcyclopentadienyl)zirconium(hydrid8}(tetraphenylboratB)tetrahydrofuran complex, 
an indenyl(cyclopentadienyl)zirconium(hydrlde)(tetraphenylborate)tetrahydrofuran complex, a 
tnmethylsitylcyclopentadienyl(cyclopentadieny))zirconium(methylKtetraphenylborate)tetrahydrofuran com- 
plex, a trim6thylsllyicyclopentadienyl(cyc)opentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofur 
complex, a trrfluoroin8thylcyclopentadienyl(cyclop8ntadienyl)zirconium(hydride)(tetraphenylborate)- 
tetrahydrofuran complex, a bis(cyclopentadienyl)(trimethylsilyl)zircon]um(tetraphenylborate)letrahydrofuran 
complex, a bis(cyclopentadienyl)(triphenylsilyl)zirconium(tetraphenylborate)tetrahydrofuran complex, a bis- 
(cyclopentadienyl)[tris(trimethylstlyl)3iiyl]Zirconium(tetraphenylborat6}t6trahydrofuran complex, a bis- 
(cyclopentadienyl](trimethylsilylmethyl)zirconium(tetraphenylborat6)tetrahydrofuran complex. a bis- 
(cyclopentadienyl)(benzyl)zlrconium(tetraphenylborate)tetrahydrofuran complex. a methylenebis- 
(cyclopentadienyl)zirconium(chloride)(tetraphenylborate)tetrahydrofuran complex. an ethylenebis- 
(cyclopentadienyl)zirconium(chlorlde)(tetraphenylborate)tetrahydrofuran complex, an isopropylidenebis- 
(cyciopentadienyl)zirconium(chloride)(tetraphenylborate)tetrahydrofuran complex, a dimethylsilylbis- 
(cyclopentadienyOzirconium(chloride)(tetraphenylborate)tetrahydrofuran complex. a methylenebis- 
(cyclopentadienyl)zirconlum(methyl)(tetraphenylborate>tetrahydrofuran complex. an ethylenebis- 
(cyclopentadienyl}zirconium(methyl)(tetraphenylborate)tetrahydrofuran complex, an isopropylidenebis- 
(cyclopentadienyl)zirconium(methyl)(tetraphenyiborate)tetrahydrofuran complex. a dimethylsilylbis- 
(cyclopentadienyl}zirconium(methyl)(tetrapheny(bor8te)tetrahydrofuran complex, a methylenebis- 
(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran complex, an ethylenebis- 
(cyclopentadienyl)zirconium(hydride)(tetraphenylborate)tetrahydrofuran complex, an isopropylidenebts- 
(cyclopentadienyl)zirconium(hydride)(tetraphenylt)orate)tetrahydrofuran complex, a dimethylsilylbis- 
(cyclopentadienyl}zirconium(hydride)(tetraphenylborate}tetrahydrofuran complex, a bis(cyclopentadrenyt)- 
zirconium(mathanesulfonate)(tetraphenylborat8)tetrahydrofuran complex, a bis(cyclop8ntadienyl)zirconium(p- 
toluenesulfonate)(tetraphenylborate)tetrahydrohjrBn complex. a bis(cyctopent8dlenyl)zirconlum- 
(trifluorom8thanesulfonate}(tetraphenylborat8)t8trahydrofuran complex, a bis(cyclop8ntadienyl)zlrconium- 
(benzenesutfonate)(tetraphenylbora1e)fetrahydrofuran complex. a bis(cyclopentadienyl)zirconium- 
(pentafluorobenzenesulfonate)(tetraphenylborate)tetrahydrofuran complex. a bis- 

(tetramethylcyclopentadienyl)zirconium(trifluoromelhanesulforiate)(tetraphenylborate)tefa^^^ com- 
plex, a bisOnd6nyl)zirconium(trlfluoromethanesulfonate)(tetraphenylborate)tetrahydro^^ complex, an 
ethylenebisOndenyl)zirconium(trlfluoromethanesulfbnate}(tetraphenylborate)tetrahydroh^ complex, an 
isopropylldenebis(indenyl)zlrconium(trifluoromethanesu!fonateKtetraphenylborate)tetrahydrofura^ complex, 
and the like. 

Further, with respect to compounds of other metals of Groups 3. 4, 5 and 6, such as titanium 
compounds and hafnium compounds, those equivalents to the above compounds may be mentioned. 
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Further, a mixture of such compounds may also be employed. 

In the present invention, the component (B) is at least one member selected from the group consisting 
of (1) an lon>exchanging layered compound (other than a silicate) and (2) an inorganic silicate, which is 
obtained by salt-treatment and/or acid-treatment and which has a water content of not higher than 3% by 

5 weight. The component (B) before subjecting to salt-treatment and acid-treatment, is a compound having a 
crystal structure in which faces constituted by e.g. ionic bonds are piled in parallel to one another by a 
weak bonding force, and the majority of clays are ion-exchanging layered compounds. Clays are generally 
composed of clay minerals as the main component. These days, clay minerals and ion-exchanging layered 
compounds may not only be natural products but also be artificiaily synthesized products. Examples of 

70 clays and day minerals include an allophane group induding allophane and the like, a kadin group 
including dickite, nacrite, kaolinite, anauxite. and the like, a halioysite group including metahalloysite, 
halloysite. and the like, a serpentine group including chrysotile. antigorite, and the like, a smectite group 
induding montmorillonite, beidellite, nontronite, saponite, hectorite, and the like, a vermiculite mineral 
induding vermiculite, and the like, a mica mineral Including illite, sericite. glauconite. and the like, 

75 attapulgite. sepidrte. palygorskite. bentonite, Kibushi clay, gairome day, hisingerrte. pyrophyllite. chlorite, 
and other groups. The ion-exchanging layered compound used in the present invention may be a mixture of 
these minerals. Among the above examples of the component (B), preferred are a kaolin group including 
dickite, nacrite, kaolinite and anauxite, a halloysite group including metahalloysite and halloysite. a 
serpentine group including chrysotile and antigorite. a smectite group including montmorillonite, beidellite, 

20 nontronite. saponite and hectorite, a vermiculite mineral induding vermiculite, and a mica mineral including 
illite, seriate and glauconite. Particularly preferable examples include a smectite group induding montmoril- 
lonite, beidellite, nontronite. saponite and hectorite. Also, preferable examples of artifidaily synthesized 
products indude synthetic hectorite. synthetic mica, synthetic saponite, and the like. 

Further, examples of ion-exchanging layered compounds indude ion-crystalline compounds having a 

25 layered crystal structure of e.g. hexagonal most densely packed type, antimony type. CdCla type or Cdb 
type. Specific examples of ton-exchanging layered compounds indude crystalline acidic salts of polyvalent 
metals such as tx-Zr(HAs04)2*H20. a-Zr(HP04)2, a-Zr(KP04)2»3H20, a-Ti(HP04)2, a-Ti(HAs04)2»H20. a- 
Sn(HP04)2*H2 0. 7-Zr(HP04)2. 7-Ti(HP04)2, 7-Ti(NH4P04)2»H20. and the like. 

Examples of an inorganic silicate before subjecting to salt-treatment and acid-treatment indude zeolite 

30 and diatomaceous earth, and they may be synthesized products or naturally occurring minerals. Further, 
they may be used as they are without subjecting to any treatment, or they may be used after subjecting to 
ball milling, sieving, acid-treatment or the like. They may be used alone or in a mixture of two or more. 

The component (B) before subjecting to salt-treatment and acid-treatment, i.e. at least one member 
selected from the group consisting of (1) an ion-exchanging layered compound other than a silicate and (2) 

35 an inorganic silicate before subjecting to salt-treatment and acid-treatment contains an ion-exchangeable 
metal cation of Group 1 of the long-form Periodic Table (e.g. rte. K or the like) in an amount of at least 
0.1% by weight, preferably at least 0.5% by weight. 

The component (B) is obtained by subjecting at least one member selected from the group consisting 
of (1) an ion-exchanging layered compound other than a silicate and (2) an inorganic silicate to salt- 

40 treatment and/or acid-treatment. An acid strength of a solid can be varied by salt-treatment and/or acid- 
treatment. By the salt-treatment, an ion complex, a molecular complex or an organic derivative may be 
formed, and the surface area and the interlaminar distance may be changed. Further, utilizing ion 
exchangeability, interlaminar exchangeable ions may be substituted by other large bulky ions to obtain a 
layered substance having the interlaminar distance enlarged. In the present invention, at least one memt)er 

45 selected from the group consisting of (1) an ion-exchanging layered compound other than a silicate and (2) 
an inorganic silicate before subjecting to salt-treatment preferably has at least 40% by weight, more 
preferably at least 60% by weight of the ion-exchangeable Group 1 metal cation ion-exchanged with a 
cation dissociated from the fdlowing salts. 

Examples of the salts used in the salt-treatment in the present invention to conduct the above ion- 

50 exchanging, include a compound containing a cation of at least one atom selected from the group 
consisting of Groups 2 to 14 atoms of the long-form Periodic Table, preferably a compound comprising a 
cation of at least one atom selected from the group consisting of Groups 2 to 14 atoms and an anion of at 
least one member selected from a halogen atom, an inorganic acid and an organic acid, more preferably a 
compound comprising a cation of at least one atom selected from the group consisting of Groups 2 to 14 

55 atoms and an anion of at least one member selected from the group consisting of CI, Br. I. F, PO4, SO4, 
NOa. CO3. C2O4. C1O4, OOCCH3. CHaCOCHCOCH$, OGI2. ©(NOafc. 0(Cl04)2. 0(S04). OH. Q2Cl2, 
OCta. OOCH, OOCGH2CH8. C2H404 and CsHsO/. 
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More specific examples of the salts include 
CaCb. CaS04. CaC204. Ca(NO)3)2. Ca a {CkH^Ojh, Mga2, MgBr2, MgS04. MQ{P0^)2 , Mg(CI04)2. 
MgC204. Mg(N03)2. Mg(00CCH3 fe. MQC4H4O4. Sc(OOCCH8)2, Sc2(C03)3. So 2(0264 )a. Sc(N03)3, S02- 
(S04)3. ScFs. ScC I3, ScBrs. Sola. Y(OOCCHa)a. Y(CH3C0CHC0 CHaja. YaCCOafe, Y2{C204)a, Y(N08)a. Y(C 
104)3. YPO4. Ya (S04)a. YF3. YCI3. La(OOCC H3)3. U(CHaCOCHCOCHa)a. La^CCCbh. La( NOa^. La(CI04)- 
3. La2(C204)3. LaP04, La? (804)3, LaFa, LaCb. LaBra. Lab, Sm(OOCC Hzh* Sm(CH3COCHCOCH3)3. Sm2- 
(003)3. Sm( N0a)8. Sm(a04)3. Sm2(C204)3. Sm2(S04)3 . SmFa, SmCb. Smb. YP(OOCCH3)3, Yb(N03) a. 
Yb, (CI04)3. Yb(C204)8. Yb2(S04)3. YbF a, YbCb. Ti(OOCCH8)4. Ti(C08)2. Ti(N03) 4, Ti(S04)2. TiF4, TiCU. 
TiBr4. TiU, Zr( 00CCHa)4. Zr(CH3C0CHC0CH3)4. Zr(C03)2. Zr(N0a)4. Zr(S04)2. ZrF4, ZrCU, ZrBr4, Z rU. 
Zr0Cl2, ZrO(N03)2. Zr0(CI04)2, ZrO( SO4). HfCOOCCHa)*. Hf(C0a)2, HI(N08)4, H f(S04)2, HfOCfc. HfF4, 
HfCU. HfBr4. HfU , V(CH3C0CHC0CH3)3. VOSO4. VOCI3. VCI3. V CI4. VBrs. Nb(CH8G0GHC0CH8)5. Nba- 
(C03)5 . Nb(N08)5. Nb2(S04)5. NbFs. NbCts, NbBrs . Nbb. Ta(00CCHa)5. 102(003)5. Ta(N03)s . Ta2(S04)- 
5. TaFs, TaCls. TaBrs. Tals, Or( CH300CHOOOH3)3. Cr(00CH)20H. Cr(N03)3. Cr(CI04)3. CrP04, Cr2(S04)- 
3, OrQ2 OI2. GrFa, OrOb. GrBra, Gria, M0OGI4* MoG I3, M0GI4. MoGIs, MoFe, M0I2. WCI4. WG h, WFs, 
WBrs. Mn(00GGHa)2. Mn(GH300GHGO 0Hs)2, MnCOa. Mn(N03)2. MnO, Mn (0104)2, M nPa. MnCb. 
MnBr2. Mnb, Fe(00G0H3)2. Fe( CH3C0CHC0CHa)a, FeCOs. Fe(N03)3. Fe(G!0 4)3, FeP04, FeS04. Fe2- 
(S04)3. FeFs. FeOla , FeBrs. Feb. FedYisO?. Go(OOCCH3)2, Co( CH3GOOHOOOH3)3. CoOOs. Oo<N03)2. 
O0C2O4 . 00(0104)2. C03(P04)2. O0SO4, O0F2. OoOl 2. OoBr2, Gob, NiOOs. Ni(N03)2. NiC204, N 1(0104)2, 
NiS04. NiOb. NiBr2. Pd(OOG0K3 )2, Pd(N03)2. PdS04. PdCb. PdBr2. OuOb. GuBr2. Gu(N03)2. GUG2O4. 
0u(0IO4)2. GUSO4. Gu(00G0H3)2. Zn(OOGCH 3)2. Zn(OH3COCHCOCH3)2. Zn(00GH)2. ZnCO a, Zn(N03)2. 
Zn(OI04)2. Zn8(P04)2. Zn(SO 4). ZnF2. ZnOb. ZnBr2, Znb. Od(OOCCH3)2 . Od (0H3OOCH0OOH3)2. Gd- 
(OOCCH2CH8)2, Cd (N0a)2, Od(CI04)2. Cd(S04). CdF2. CdCb, GdBr2, Cdb, AJOb, Alb, AlBrj, AIF3, Ab- 
(S04)3, AlPO 4, Ab(0204)3. A!(N03)8. AI(CH3C0CHC0CH 3)3. GeCU. GeBr4. GeU, Sn(OOOCH3)4, Sn( 
S04)2, SnF4, SnGU, SnBr4. SnU, Pb(OOCCH 3)4. PbC03. PbHP04, Pb(N03)2. Pb(GI04)2. PbS04, PbFa. 
PbGb. PbBr2. Pbb, and the like. 

Among these salts, the component (B) treated with a compound containing a cation of Group 4. 5 or 6 
provides an olefin polymer excellent in melt tension. 

The acid treatment is intended not only to remove impurities on the surface but also to elute a part or 
the whole of cations such as Ai. Fe or Mg in the crystal stnjcture. Preferable examples of the acid used in 
the acid-treatment include hydrochloric acid, sulfuric acid, nitric acid, acetic acid and oxalic acid. The salt 
and the acid used in the treatment may be alone or a mixture of two or more. When the salt-treatment and 
the acid-treatment are conducted in combination, the salt-treatment may be conducted before or after the 
acid-treatment, or at the same time as the acid-treatment 

The treating conditions with the salts and the acids are not specially limited, but they are appropriately 
selected among the conditions of a salt or acid concentration of from 0.1 to 30% by weight, a treating 
temperature of from room temperature to a boiling point and a treating time of from 5 minutes to 24 hours, 
so as to elute at least a part of the material constituting a compound of at least one member selected from 
the group consisting of (1 ) an ion-exchanging layered compound other than a silicate and (2) an inorganic 
silicate. The salts and the acids are used generally in aqueous solutions. 

In the present invention, particle shapes may be controlled by subjecting to ball milling, sieving or the 
like before treatment, during treatment or after treatment of the above sah-treatment and/or acid-treatment 
Further, chemical treatment including alkali-treatment, organic substance-treatment or the like may be 
conducted in combination. The component (B) thus obtained preferably has a pore volume of pores (having 
a radius of at least 20 A) of at least 0.1 cc/g, more preferably of from 0.3 to 5 cc/g, as measured by a 
mercury injection method. 

These compounds of at least one memt)er selected from the group consisting of an ion-exchanging 
layered compound (other than a silk^ate) and an inorganic silicate generally contain adsorbed water and 
interlaminar water. In the present invention, these adsorbed water and interlaminar water are removed to 
obtain the component (B). 

The "adsorbed water" is water adsorbed on the surface or crystal broken face of clay, clay mineral or 
ion-exchanging layered compound particles, and the "interlaminar water" is water present k)etween layers of 
crystal. A method of heat-treatment for removing the adsorbed water and interlaminar water from cjay, clay 
mineral or ion-exchanging layered compound partk:les is not specially limited, but various methods such as 
heat-dehydration, heat-dehydration under gas-flowing, heat-dehydration under reduced pressure and 
azeotropic dehydration with an organic solvent. The heating temperature employed is such a temperature of 
at least 100*0. preferably at least 150*0, as to substantially remove interlaminar water, but it is not 
preferable to employ such a high temperature as to destroy a structure. Also, such a heaKlehydration 
method as to heat in an air stream is not preferable since it forms a crosslinking structure and lowers 
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polymerization activity o1 a catalyst. The heating time is at least 0.5 hour, preferably at least 1 hour After 
removing the adsortsed water and the interlaminar water, the water content of the component (B) should be 
not higher than 3% by weight, preferably not higher than 1% by weight, on the basis of the assumption that 
the water content of the component (B) remainec after dehydrating at 200 *C under a pressure of 1 mmMg 
5 for 2 hours is 0% by weight In the present Invention, it Is necessary to handle the dehydrated component 
(B) having a water content of not higher than 3% by weight so as to maintain the vrater content at the same 
level when it Is contacted with the component (A) and optionally with the component (C). 

Examples of an organic aluminum compound optionally used as the component (C) in the present 
invention Include a compound of the formula, 

w 

AlR^iXs-j 

(wherein is a Ci~2o hydrocarbon group, X is hydrogen, halogen or an alkoxy (Ci-io) group, and j is a 
number of 0<j^3}, e.g. a trialkylaluminum such as trimethylaluminum. triethylaluminum. tripropylaluminum 
IS and triisobutylaluminum. and a halogen- or alkoxy-containing alkylaluminum such as diethylaluminum 
monochloride and diethylaluminum methoxide. In addition to these compounds, an aluminoxane such as 
methylaluminoxane can also be used. Among these compounds, a trialkylaluminum is particularly prefer- 
able. 

A catalyst is prepared by contacting the component (A) and the component (B), and optionally the 
20 component (C). The contacting order of the respective components of the catalyst is not partk:ularly limited. 
The contacting may be conducted at the time of preparing a catalyst and/or at the time of prepolymerization 
or polymerization of olefin. They may, for example, be contacted In the following orders: 
® Components (A) and (B) are contacted. 

® Components (A) and (B) are contacted, and then component (0) is added. 
25 <S) Components (A) and (C) are contacted, and then component (B) is added. 
® components (B) and (C) are contacted, and then component (A) is added. 
Other than the above orders, the three components may simultaneously be contacted. 
During or after contacting the respective catalyst components, a polynner such as polyethylene or 
polypropylene, or a solid of an inorganic oxide such as silica or alumina, may be present or contacted. 
30 The contacting may be conducted in an inert gas such as nitrogen or in an inert hydrocarbon solvent 
such as pentane, hexane. heptane, toluene and xylene. The contacting temperature is from -20 *C to a 
boiling point of a solvent, preferably from room temperature to a boiling point of a solvent. 

With regard to the amounts of the respective catalyst components, the amount of the component (A) is 
from 0.0001 to 10 mmol, preferably from 0.001 to 5 mmol, per g of the component (B) and the amount of 
35 the component (C) is from 0.01 to 1O0O0 mmol, preferably from 0.1 to 100 mmol, per g of the component 
(B). Also, the atomic ratio of a transition metal in the component (/^aluminum in the component (0) is 
1/0.01 to 1000000. preferably 1/0.1 to 100000. 

The catalyst thus obtained may be used with or wittK)ut washing after contacting. 
Also, if necessary, the component (C) may be newly added. The amount of the component (G) in such 
40 a case is selected so as to make the atomic ratio of a transition metal in the component (A}/aluminum In the 
component (C) be 1/0 to 10000. 

Before polymerization, the catalyst thus obtained may be used to preliminarily polymerise an olefin 
such as ethylene, propylene, 1-butene, 1-hexene. 1-octene, 4-methyl-1-pentene, 3-methyl-1-butene. vinyl- 
cycloalkane or styrene, and the catalyst thus adjusted in the preliminary polymerization may be used with 
45 or without washing. 

It is preferable to conduct this preliminary polymerization in an inert solvent under a mild condition so 
as to produce from 0.01 to 1000 g. preferably from 0.1 to 100 g of a polymer per g of a solid catalyst. 

The olefin to be used for polymerization may be ethylene, propylene, 1-butene, 1-hexene, 3-methyl-1- 
butene, 3-methyl-1-pentene, 4-methyl-1-pentene, vinylcydoalkane. styrene or derivatives thereof. This 
so polymerization may suitably be applied not only to homopolymerization but also to usual random 
copolymerization or block copolymerization. 

The polymerization reaction is conducted in tiie presence or absence of a solvent such as a liquefied a- 
olefin or an inert hydrocarbon such as butane, pentane, hexane, heptane, toluene or cyclohexane. The 
temperature is usually within a range of from -50*0 to 'i-250'C. The pressure is not particularly limited, 
55 but is preferably witiiin a range of from atmospheric pressure to about 2,000 kgf/cnf>^. 

Further, hydrogen as a molecular weight controlling agent may be present in the polymerization 
system. 
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lEXAMPLESl 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted by such specific Examples. 

5 All of the following catalyst preparation steps and polymerization steps were conducted under an 
atmosphere of purified nitrogen. Also, a solvent used was dehydrated with molecular sieve MS-4A and was 
degased by bubbling with purified nitrogen. In the Examples, melt index (Mi) was measured at 190*C 
under a load of 2.16 kg in accordance with ASTM 01238. 

Density was measured by heating a strand obtained at the time of measuring melt index at 100* C for 

10 one hour, allowing the heat-treated strand to stand at room temperature for one hour and then measuring in 
accordance with density-gradient tube method. 

Melt tension (MT) of a polymer was measured by using a melt tension tester (manufactured by Intesco 
Co.. Ltd.) under conditions of a nozzle diameter of 2.095 mm0, a nozzle length of 8 mm. an introducing 
angle of 90', a temperature of 190*C. an extruding speed of 0.716 cc/min. a withdrawing speed of 10 

15 m/min and an air gap of 40 cm. in the measurement of the above-mentioned W and MT, 0.1% by weight of 
2,6-di-t-butylparacresol was previously incorporated into an ethylene type polymer. 

Analysis of the composition of the component (B) was conducted by preparing a glass bead and 
subjecting it to fluorescent X-ray measurement. The glass bead was prepared in the following manner. 0.5 g 
of a carrier previously calcined at 920 'C for 3 minutes was taken by weighing, and 4.5 g of LiBr/LbB+O? 

20 was blended therewith. The resultant blend was placed in a platinum crucible for preparing a glass bead, 
and was set in a bead sampler. In the bead sampler, it was calcined at 920 * C (0.2 A) for 60 seconds, and 
was melted at 1200*C (0^ A) for 200 seconds and was fluctuated at 1200*C (0.28 A) for 200 seconds. 
The melting and the fluctuating were repeated twice. After cooling by alkming it to stand, the glass bead 
was taken out from the platinum crucible. 

25 The glass bead was measured by a fluorescent x-ray measuring device, and was quantitatively 
analyzed on the basis of a calibration curve previously prepared. 

EXAMPLE 1 

30 (1) Chemical treatment of clay mineral 

15.3 g of a commercially available montmoriltonite (*'Kunipia F" prepared by Kunimine Kogyo K.K.) was 
dispersed in 300 ml of a desalinated water having 14.5 g of AX2(S04)3»14-18H20 dissolved, and was 
dispersed at room temperature for 30 minutes and was then filtrated. After repeating this operation once, 
35 the filter cake was fully washed with a desalinated water, and was dried to obtain a chemically treated 
montmorillonite. 

(2) Heat-dehydration treatment of clay mineral 

40 1.29 g of the chemically treated montmorillonite obtained in the above step (1) was placed in a 100 ml 
flask, and was heat-treated under a reduced pressure at an elevated temperature for 200 'C for 2 hours. By 
this heat-treatment, the weight of the product was reduced by 0.17 g. 

(3) Preparation of catalyst 

45 

To tlie above heat-dehydrated montmorillonite. was added 10 ml of toluene to prepare a slurry. 2.3 ml 
of triethylaluminum/toluene solution (1 mmol/ml) was added to the slurry while stimng at room tempera- 
ture. After contacting these components at room temperature for one hour, a solid component was washed 
with toluene. Thereafter, 20 ml of toluene was added to the solid component, and 3.1 ml of bis- 
50 (cyclopentadienyl)zirconium dtehtoride/toluene solution (29 umol/inl) was then added thereto. These 
components were contacted at room temperature for one hour to obtain a catalyst component. 

(4) Copolymerization of ethylene-butene 

55 840 ml of n-hexane, 0.1 mmol of triethylaluminum and 160 ml of 1-butene were placed in a 2 1 
autoclave, and were heated to 70 * C. Thereafter, 28.3 mg of the catalyst component obtained in the above 
step (3) was introduced therein together with ethylene, and polymerization was conducted at 70*C for one 
hour by maintaining the total pressure at 25 kg/cm^. After one hour, ethanol was added thereto to terminate 
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the polymerization. The amount of the ethylene-butene copolymer thus obtained was 230 g which 
corresponds to 8,130 g produced per g of the solid catalyst component. 

EXAMPLE 2 

5 

(1) Chemical treatment 

A chemical treatment was conducted in the same manner as in Example 1(1). except that 200 ml of a 
desalinated water having 2.9 g of ZnCl2 dissoked was used in place of the Al2(S04)3 aqueous solution of 
10 Example 1(1). 

(2) Heat-dehydration treatment 

1^1 g of the chemically treated montmorilionite obtained in the above chemical treatment (1) was 
;5 subjected to heat-treatment in the same manner as in Example 1(2). As this result, the weight of the 
nrwntmoritlonite was reduced by 0.13 g. 

(3) Preparation of catalyst 

20 A catalyst component was prepared in the same manner as in Example 1(3), except that the heat- 
dehydrated montmorilionite obtained in the above step (2) was used. 

(4) Copolymerization of ethylene-butene 

25 Copolymerization of ethylene-butene was conducted in the same manner as in Example 1 (4). except 
that 20.4 mg of the catalyst component obtained in the above catalyst preparation step (3) was used as a 
solid component. The copolymer thus obtained was 173 g. and the amount of the copolymer produced per 
g of the solid component was 8,480 g. 

30 EXAMPLE 3 

(1) Chemical treatment 

A chemical treatment was conducted in the same manner as in Example 1(1), except that 100 ml of a 
35 desalinated water having 4.0 g of MgCl2*6H20 dissolved was used in place of the Al2(S04)3 aqueous 
solution of Example 1(1). 

(2) Heat-dehydration treatment 

40 1.28 g of the chemically treated montmorilionite obtained in the above chemical treatment (1) was 
subjected to heat-treatment in the same manner as in Example 1(2). As this result the weight of the heat- 
treated montmorilionite was reduced by 0.18 g. 

(3) Preparation of catalyst 

45 

A catalyst component was prepared in the same manner as in Example 1(4), except that the heat- 
dehydrated montmorilionite ofcitained in the above heat-dehydration step (2) was used. 

(4) Copolymerization of ethylene-butene 

so 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4). except 
that 21.8 mg of the catalyst component obtained in the above catalyst preparation step (3) was used as a 
solid component The amount of the copolymer thus obtained was 62 g, and the amount of the copolymer 
thus produced per g of the solid component is 2,840 g. 

55 
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EXAMPLE 4 

(1) Chemical treatment 

5 15.5 g of a commercially available synthetic mica ("ME-100" prepared by Corp Chemical Co., Ltd.) was 
dispersed in 200 ml of a 1.1% sulfuric acid aqueous solution, and was stirred at room temperature for 5 
minutes and was then filtrated to obtain a solid part This operation was repeated further twice, and the solid 
part thus obtained was fully washed with a desalinated water and dried to obtain a chemically treated 
synthetic mica. 

10 

(2) Heat-dehydration treatment 

1.31 g of the chemically treated synthetic mica obtained in the above chemical treatment step (1) was 
placed In a 100 mi flask, and was heated to an elevated temperature of 200 *C under a reduced pressure 
15 and was heat-dehydrated at 200 *C for 2 hours under a reduced pressure. By this heat-dehydration 
treatment the weight of the chemically treated synthetic mica was reduced by 0.19 g. 

(3) Preparation of catalyst 

20 A catalyst component was prepared in the same manner as in Example 1 (3), except that the heat- 
dehydrated synthetic mica obtained in the above step (2) was used. 

(4) Copoiymerization of ethylene-butene 

2s Copoiymerization of ethylene-butene was conducted in the same manner as in Example 1(4). except 
that the copoiymerization was conducted at 70 *C for 40 minutes by using 31.1 mg of the catalyst 
component obtained in the above catalyst preparation step (3) as a solid component. The amount of the 
copolymer thus ot)tained was 197 g. and the amount of the copolymer produced per g of the solid 
component was 6,340 g. 

30 

EXAMPLES 

(1) Chemical treatment 

35 188 ml of a 3% suthiric acid aqueous solution was added to 19.3 g of a commercially available 
montmorillonite, and the resurtant mixture was heated under stirring and was treated at 90 'C lor 2 hours 
and filtrated. Thereafter, the filtrated product was fully washed with a desalinated water and dried to obtain a 
chemically treated montmorillonite. 

40 (2) Heat-dehydration treatment 

1.51 g of the chemically treated montmorillonite obtained in the above chemical treatment step (1) was 
placed in a 100 ml flask, and was heated to an elevated temperature of 200 *C under a reduced pressure 
and was heat-dehydrated at 200 *C for 2 hours under a reduced pressure. By this heat-dehydration 
45 treatment, the weight of the montmorillonite was reduced by 0.27 g. 

(3) Preparation of catalyst 

6.5 ml of toluene was added to the heat-dehydrated montmorillonite obtained in the above step (2) to 
so form a slurry. 2.8 ml of triethylaluminunr^oluene solution (0.88 mmoi^ml) was added to the atx)ve formed 
slurry under stirring at room temperature. After contacting the components at room temperature for one 
hour, a solid component was washed with toluene. Thereafter, after adding 30 mi of toluene, 2.7 ml of bis- 
(cyclopentadi6nyl)zirconium dichloride/toluene solution (36.7 umoi/ml) was added thereto. These compo- 
nents were contacted at room temperature for one hour to ot^tain a catalyst component. 
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(4) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4), except 
that 41.4 mg of the catalyst component obtained in the above catalyst preparation step (3) was used as a 
5 solid component. The amount of the copolymer thus obtained was 305 g, and the amount of the copolymer 
produced per g of the solid component was 7,360 g. 

EXAMPLE 6 

w 1.22 g of the chemically treated montmorilionite obtained in Example 5(1) was heat-dehydrated in the 
same manner as in Example 5(2). By this treatment the weight of the montmorilionite was reduced by 0^2 
g. 20 mX of toluene was added to 0.22 g of the montmorilionite thus treated to form a slurry. To the slurry 
thus formed, was added 3.0 ml of bis(cyclopentadienyl)zirconium dichloride/toluene solution (29 umolAnl) 
under stirring at room temperature, and these components were contacted at room temperature for one 

75 hour to obtain a catalyst component 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4), except 
that 5.4 mg of the above obtained catalyst component was used as a solid component The amount of the 
copolymer thus obtained was 33 g, and the amount of the copolymer produced per g of the solid 
component was 6.110 g. 

20 

EXAMPLE 7 

(1) Chemical treatment of clay mineral 

25 11.1 g of a commercially available synthetic hectorite ("hydrophilic smectite SWN" prepared by Corp 
Chemical Co., Ltd.) was dispersed in 90 ml of a 3.0% sulfuric acid aqueous solution, and the dispersion 
was stirred at room temperature for 2 hours. After filtrating, the resultant product was fully washed with a 
desalinated water and dried to obtain a chemically treated synthetic hectorite. 

30 (2) Heat-dehydration treatment 

1.37 g of the chemically treated synthetic hectorite obtained in the above chemical treatment step (1) 
was .subjected to heat treatment in the same manner as in Example 5(2). As this result, the weight off the 
hectorite thus treated was reduced by 0.19 g. 

35 

(3) Preparation of catalyst 

A catalyst component was prepared in the same manner as in Bcample 5(3), except that the heat- 
dehydrated synthetic hectorite obtained in the above step (2) was used. 

40 

(4) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4), except 
that 45.7 mg of the catalyst component obtained in the above step (3) was used as a solid component. The 
4S amount of the copolymer thus obtained was 258 g, and the amount off the copolymer produced per g of the 
solid component was 5.650 g. 

EXAMPLES 8 to 10 

50 15 g of each of commercially available synthetic hectorites was subjected to various chemical 
treatments under the conditions as shown in the following Table 1 in the same manner as in Example 1(1). 
These hectorites thus treated were heat-dehydrated in the same manner as in Example 1(2} and catalyst 
components were obtained in the same manner as in Example 1(3). 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4) by using 

55 these catalyst components. The results are shown in the following Table 1 . 
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EXAMPLE 11 

(1) Chemical treatment 

5 The composition of a commercially available synthetic hectorite (hydrophilic smectite SWN) was 
detemnined by fluorescent X-ray measurement As this result, it was proved that It contained 3.26% by 
weight of Hsl and 15.0% by weight of Mg. 

15 g of the at)ove synthetic hectorite was dispersed in 200 ml of a desalinated water having 6.7 g of 
MgCl2*6H20 dissolved. The dispersion thus obtained was stirred at room temperature for 15 minutes and 

10 was filtrated to obtain a solid part. This operation was repeated further 3 times, and the product thus 
obtained was fully washed with a desalinated water and dried to obtain a chemically treated synthetic 
hectorite. The composition of the above chemically treated synthetic hectorite was analyzed and it was 
proved that it contained 0.02% by weight of Na and 16.8% by weight of Mg. 

75 (2) Heat<lehydration treatment 

1.44 g of the above chemically treated synthetic hectorite obtained in the above step (1) was heat- 
dehydrated in the same manner as in Example 1(2). By this treatment, the weight of the product thus 
treated was reduced by 0.15 g. 

20 

(3) Preparation of catalyst 

6.5 ml of toluene was added to the above heat-dehydrated synthetic hector'rte to form a slurry. To the 
slurry thus formed, was added 2.2 ml of triethylaluminum/toluene solution (1.2 mmol/ml) under stirring at 
25 room temperature. These components were contacted at room temperature for one hour, and a solid 
component was washed with toluene. Thereafter. 20 ml of toluene was added thereto, and 4.0 ml of bis- 
(cyclopentadienyl)zirconium dichloride/toluene solution (29 umol/ml) was then added. These components 
were contacted at room temperature fbr one hour to obtain a catalyst component 

30 (4) Copoiymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1 (4). except 
that 41 .7 mg of the catalyst component obtained in the at>ove step (3) was used as a solid component. The 
amount of the copolymer thus otrtained was 294 g, and the amount of the copolymer produced per g of the 
35 solid component was 7,050 g. 

EXAMPLES 12 to 21 

15 g Of each of commercially available synthetic micas was subjected to various chemical treatments 
40 under the conditions shown in the following Table 2 in the same manner as in Example 1(1). The micas 
thus chemically treated were heat-dehydrated in the same manner as in Example 1(2), and catalyst 
components were obtained in the same manner as in Example 1 (3). 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4) by using 
these catalyst components. The results are shown in the following Table 2. 
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EXAMPLE 22 

(1) Chemical treatment 

s The commercially available synthetic mica was detem^ined by fluorescent X-<ay measurement As this 
result, it was proved that it contained 3.58% by weight of Na and 0% by weight of Al . 

15 g of the above synthetic mica was dispersed in 300 ml of a desalinated water having 14.1 g of Al2- 
(S04)3«14-18H2 0 dissolved. The dispersion thus obtained was stirred at room temperature for 30 minutes 
and was filtrated to obtain a solid part. This operation was repeated further once, and the resultant product 

10 was fully washed with a desalinated water and dried to obtain a chemically treated synthetic mica. The 
composition of the mica thus treated was determined, and it was proved that it contained 1 .02% by weight 
of Na and 0.93% by weight of Ai. 

(2) Heat-dehydration treatment 

75 

1.30 g of the chemically treated synthetic mica obtained In the above step (1) was heat-dehydrated in 
the same manner as in Example 1(2). By this treatment the weight of the mica was reduced by 0.08 g. 

(3) Preparation of catalyst 

20 

A catalyst component was prepared in the same manner as in Example 11(3) by using the above heat- 
dehydrated synthetic mica, 

(4) Copotymerization of ethylene-butene 

25 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4). except 
that 30.0 mg of the catalyst component obtained in the above step (3) was used as a solid component and 
copolymerization was conducted at 70*C for 25 minutes. The amount of the copolymer thus otrtained was 
209 g, and the amount of the copolymer produced per g of the solid component was 6.970 g. 

30 

EXAMPLE 23 

(1) Chemical treatment and granulation of clay mineral 

35 8 kg of a commercially available montmorillonlte ("Kunipia F" prepared by Kunimine Kogyo K.K.) was 
puh^erized by a vibrating bail mill, and the pulverized montmorillonrte was dispersed in 50 I of a 
desalinated water having 10 kg of magnesium chloride dissolved. The dispersion thus obtained was stirred 
at 80 for one hour, and the solid component thus otrtained was washed with water. The washed solid 
component was then dispersed in 56 1 of a 6.2% hydrochloric aqueous solution, and was stirred at 90*C 

40 for 2 hours and was washed with a desalinated water. 4.6 kg of the above chemically treated montmoril- 
lonite was prepared into an aqueous slunry having a solid content concentration of 15.2%, and the slurry 
was spray-granulated by a spray dryer. The granule thus obtained had a spherical shape. 

(2) Heat-dehydration treatment of clay mineral 

45 

12.6 g of the montmorillonite granulated in the above step (1) was placed in a 200 ml four-forked flask, 
and was heated to 200 'C under a reduced pressure and was heat-treated at 200 *C for 2 hours under a 
reduced pressure. The weight of the montmorilk>nite thus treated was reduced by 1.3 g. After the heat- 
treatment. 50 mi of toluene was added to form a toluene slurry. 

50 

(3) Preparation of catalyst 

6 mi of the toluene slurry (clay mineral content 1.31 g) obtained in the above step (2) was placed in a 
100 ml four-forked flask, and was stinred at room temperature and 2.6 mmol of triethylaluminum was 
55 added thereto. After contacting these components at room temperature for 0.5 hour. 6 ml of bis- 
(cyclopentadienyl)zirconium dichloride/toluene solution (34.6 umot/mt) was added thereto. After contacting 
these components at room temperature for 0 5 hour, the supernatant liquid was withdrawn and the 
remaining solid component was washed with toluene. . 
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(4) Copotymerization of ethylene-butene 

740 mt of n-hexane, 0.1 mmol of triethylaluminum and 160 ml of l-butene were placed in a 2 l 
autoclave, and were heated to 70*C. Thereafter, 53 mg of the solid component obtained in the above step 
5 (3) was added thereto, together with ethylene, and polymerization was conducted at 70* C for 1 hour by 
maintaining the total pressure at 25 kg/cm^. After one hour, ethanol was added to terminate the polymeriza- 
tion. The amount of the ethylene-butene copolymer thus obtained was 243 g, and the amount of the 
polymer produced per g of the solid component was 4,580 g. 

10 EXAMPLES 24 to 26 

(1) Heat-dehydration treatment 

1.35 g of the granulated montmorillonite obtained in Example 23(1) was heat-dehydrated in the same 
15 manner as in Example 23(2). By this treatment, the weight of the montmorillonite thus treated was reduced 
by 0.14 g. The water content of the heat-dehydrated montmorillonite was 0% by weight. 

Water was added to heat-dehydrated montmorillonites separately obtained in the same manner as 
mentioned above to adjust their water contents as shown in the following Table 3. 

20 (2) Preparation of catalyst 

Catalyst components were prepared in the same manner as In Example 1(3) by using 1.2 g (dry weight) 
of each of montmorillonites having various water contents obtained in the atx^ve step (1). 

25 (3) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 23(4), except 
that 40.0 mg of each of the catalyst components obtained in the above step (2) was used as a solid 
component. The results are shown in the following Table 3. 

30 



18 



EP0 683 180 A2 



10 



rs 



20 



25 



m 



c 

I 

Ql 
C 
0) 
r-l 
>1 

43 
JJ 
Q) 

*M 
O 

c 
o 

cd 

•H 

a> 
o 

Ql 

O 



H 






>i 


O 




iH 






O 




C 


OH 






o 




c 


u 




o 








U-l 




e 


0 




0 




(1> 


o 


4J 


u 




c 


3 




a 






o 


o 


iH 




M 


0 


1 




(0 



CP 

o 

CO 



CP 

o 
n 



CP 

o 
n 



M-l M 

O <U 

C 1-4 

3 O 

0 04 

1 8 



in 



CP 



in 



CP 



30 



u C 

^ 8 



dp 



00 



o 
ro 



35 



40 



O 

2 



iH 

(0 
X 

ca 



m 

CM 

03 
rH 

<a 



CM 
1-4 



M 



45 EXAMPLE 27 

(1) Preparation of catalyst 

6 ml of the toluene slurry <clay mineral content: 1.31 g) ot)tained in Example 23(2) was placed in a 100 
50 ml four-forked flask, and 6 ml of bls(cyclopentadienyl)zirconium dichkMide/loluene solution (34.8 
umoi/mi) was added thereto under stimng at room temperature. After contacting these components at 
room temperature for 0.5 hour, 2.6 mmol of triethylaluminum was added thereto. After contacting these 
components at room temperature for 0.5 hour, ethylene was continuously flown therethrough for one hour at 
room temperature. After stopping the flowing of ethylene, the supernatant liquid was withdrawn and the 
55 remaining solid component was washed with toluene. The solid component thus obtained, contained 0.5 g 
of an ethylene polymer per g of the clay mineral. 
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(2) Copolymehzation of ethytene-butene 

Copolymehzation of ethylene-butene was conducted in the same manner as in Example 23(4), except 
that 47 mg (excluding the weight of the polymer) of the catalyst component obtained in the above step (1) 
5 was used as a solid component The amount of the ethylens-tnjtene copolymer thus obtained was 215 g. 
and the amount of the copolymer produced per g of the solid component was 4,570 g. 

EXAMPLE 28 

10 (1) Preparaticn of catalyst 

13 mi (clay mineral content: 2.84 g) of the toluene slurry obtained in Example 23(2) and 18 ml of 
toluene were placed in a 200 ml four-forked flask, and were heated under stirring and were refluxed. 31.7 
mmol of triethylaluminum was added thereto under refluxing. and these components were contacted for 1 
is hour under refluxing. Thereafter, the supernatant liquid was withdrawn at room temperature . and the 
remaining solid component was washed with toluene. 30 ml of toluene was added to the washed solid 
component, and 20 ml of bi3(cyclopentadienyl)zirconium dichloride/loluene slurry (87.8 umol/ml) was 
added thereto. After contacting these components at room temperature for one hour, the supernatant liquid 
was withdrawn and the remaining solid component was washed with toluene. 

20 

(2) Copolymehzation of ethylene-butene 

Copolymehzation of ethylene-butene was conducted in the same manner as in Example 23(4), except 
that 49 nng of the solid component obtained in the above step (1) was used at 60 'C. The amount of the 
25 ethylene-butene copolymer thus obtained was 152 g. and the amount of the copolymer produced per g of 
the solid component was 3,100 g. 

EXAMPLE 29 

SO (1 ) F^reparation of catalyst 

5 mt of the toluene slurry (clay mineral content 1.09 g) obtained in Example 23(2) was placed in a 100 
ml four-forked flask, and 1.07 mmol of triisobutylaluminum was added thereto at room temperature under 
stirring. After contacting these components at room temperature for 0.5 hour. 2.5 ml of bis- 
35 (cyclopentadienyl)zirconium dichloride/toluene solution (34.6 umolAnl) was added thereto. After contacting 
these components at room temperature for one hour, the supernatant liquid was withdrawn and the 
remaining solid component was washed with toluene. 

(2) Copolymehzation of ethylene-butene 

Copolymehzation of ethylene-butene was conducted in the same manner as in Example 23(4), except 
that thisobutylaluminum was used in place of thethylaiuminum and 41 mg of the catalyst component 
obtained in the atK>ve step (1) was used. The amount of the ethylene-butene copolymer thus obtained was 
180 g, and the amount of the copolymer produced per g of the catalyst component was 4,390 g. 

45 

EXAMPLE 30 

(1) Preparation of catalyst 

50 5 ml of the toluene slurry (clay mineral content 1.09 g) otrtained in Example 23(2) was placed in a 100 
ml four-forked flask, and 1.12 mmol of triethylaluminum was added thereto under stirring at room 
temperature. After contacting these components at room temperature for 0.5 hour. 28 ml of ethytene-bis- 
(indenyl)zirconium dichloride/toluene solution (3.17 umol/ml) was added thereto. After contacting these 
components at room temperature for 0.5 hour, the supernatant liquid was withdrawn and the remaining solid 

55 component was washed with toluene. 
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(2) Copolymerization of ethylene-butene 

970 ml of n-hexane. 0.05 mmot of triethylaluminum and 30 ml of 1-bulene were placed in a 2 1 
autoclave, and were heated to 60 'c. Thereafter, 24 mg of the solid catalyst component obtained in the 
5 above step (1) was added thereto, together with ethylene, and polymerization was conducted at 60 *C for 1 
hour by maintaining the total pressure at 25 kg/cm^. After one hour, the polymerization was terminated by 
adding ethanol. The amount of the ethylene-butene copolymer thus obtained was 150 g, and the amount of 
the copolymer produced per g of the solid component was 6,250 g. 

10 EXAMPLE 31 

(1) Chemical treatment of clay mineral 

50 g off a commercially montmoriilonrte was pulverized for 4 hours by using a vibrating ball mill, and the 
75 pulverised montmoriilonite was dispersed in 350 ml of a 3% hydrochloric aqueous solution and was stirred 
at 90* C for 2 hours. Thereafter, it was washed with a desalinated water and dried to obtain a hydrochloric 
acid-treated montmoriilonite. 

Thereafter, 20 g of the montmoriilonite thus treated was placed in a 1 1 flask, and was dispersed in 400 
ml of desalinated water having 2 g of Zr(S04)2*4H20 dissolved and was stirred at 90*C for 3 hours. After 
20 this treatment, the solid component was washed with a desalinated water and was dried to obtain a 
chemically treated montmoriilonite. 

(2) Heat-dehydration treatment of clay mineral 

25 10.0 g of the chemically treated montmoriilonite obtained in the attove step (1) was placed in a 200 ml 
flask, and was heat-dehydrated at 200 *C for 2 hours under a reduced pressure. The weight of the 
montmoriilonite thus treated was reduced by 1 .2 g. 

(3) Preparation of catalyst component 

30 

3.0 g of the chemically treated montmoriilonite obtained in the above step (2) was placed in a 100 ml 
flask, and was dispersed in 15 ml of toluene to form a slurry. The slurry thus formed was stirred at room 
temperature, and 6.0 mmo! of triethylaluminum was added thereto. After contacting these components at 
room temperature for 1 hour, the supernatant liquid was withdrawn and the remaining solid part was washed 
35 with toluene. After adding toluene to the washed solid part to form a slurry, 12.0 ml of bis- 
(cyclopentadienyl)zirconium dichloride/toluene solution (20.0 (imolAnl) was added thereto and the resultant 
mixture was stirred at room temperature ftor one hour. The supernatant liquid was withdrawn and the 
remaining solid component was washed with toluene to obtain a catalyst component. 

40 (4) Copolymerization of ethylene-butene 

740 ml of n-hexane, 0.1 mmol of triethylaluminum and 50.0 mg of the catalyst component obtained in 
the above step (3) were placed in a 2 1 autoclave. 160 ml of 1-butene was added to this autoclave, and 
was heated to 70*C. Thereafter, ethylene was Introduced to maintain the total pressure at 25.5 kg*f/cm^, 
45 and polymerization was conducted for 1 hour under continuously stirring. Polymerization was terminated by 
adding 10 ml of ethanol. The amount of the ethylene-butene copolymer thus obtained was 175 g. The 
copolymer thus obtained had a Ml value of 0.74 g/10 minutes, a density of 0.918 g/cm^ and a MT value of 
14.2 g. 

so EXAMPLE 32 

(1) Chemk^al treatment of clay mineral 

A commercially available montmoriilonite was chemically treated in the same manner as in Example di- 
ss (1). except that Zr(S04)2 •4H2O was used in an amount of 20 g. 
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(2) Preparation of catalyst component 

The chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated in the same 
manner as in Example 31(2). and 3.0 g of the montmorillonite thus treated was placed in a 100 ml of flask, 
5 and was dispersed in 15 ml of toluene to form a slurry. Thereafter, 6.0 mmol of triethylaluminum was 
added to the slurry under stirring at room temperature. After contacting these components at room 
temperature for 2 hours, the supernatant liquid was withdrawn and the remaining solid pan was washed with 
toluene and toluene was further added to the washed solid part to form a slurry. 

On the other hand, 12.0 ml of bis(cyclopentadienyl)2irconium dichloride/loluene solution (20.0 
10 umol/ml) was placed in another 100 ml flask and 2.4 ml of triethylaluminum/loluene solution (1.0 
mmoi/ml) was added thereto, thereby reacting the components at room temperature for 30 minutes under 
stirring. 

Thereafter, the whole amount of this reaction solution was added to the above prepared montmoril- 
lonitetoluene slurry, and these components were contacted at room temperature for 30 minutes under 
IS stinring. Thereafter, the supernatant liquid was withdrawn and the remaining solid part was washed with 
toluene to obtain a catalyst component. 

(3) Copolymerization of ethylene-butene 

20 Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4) by using 
100.0 mg of the catalyst component obtained in the above step (2). As this result, the amount of the 
ethylene-butene copolymer thus obtained was 120 g, and this copolymer had a Mi value of 0.25 g/10 
minutes, a density of 0.917 g/cm^ and a MT value of 32.5 g 

25 EXAMPLE 33 

(1) Chemical treatment of clay mineral 

50 g of a commercially available montmorillonite was pulverized by using a vibrating ball mill for 4 
30 hours, and the puh^zed montmorillonite was dispersed in 350 ml of a 9% sulfuric acid aqueous solution. 
The dispersion was then stinred at 90* C for 2 hours, and was washed with a desalinated water and dried to 
obtain a sulfuric acid-treated montmorillonite. 

Thereafter. 20 g of the montmorillonite thus treated was placed in a 1 1 flask, and was dispersed in 400 
ml of a desalinated water having 20 g of Zr(S04)2*4hl20 dissolved and was stirred at 90*0 for 3 hours. 
35 After this treatment the solid component thus obtained was washed with a desalinated water and was dried 
to obtain a chemically treated montmorillonKe. 

(2) Preparation of catalyst component 

40 The chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated in the same 
manner as in Example 31(2). Thereafter, 3.0 g of the heat-dehydrated montmorillonite was placed in a 100 
ml flask, and a catalyst component was prepared in the same manner as in Example 31(3). 

(3) Copolymerization of ethylene-butene 

45 

Copolymerization of elhylene-butene was conducted in the same manner as in Example 31(4), except 
that 50.0 mg of the catalyst component obtained in the above step (2) was used. As this result, the amount 
of the ethylene-butene copolymer thus produced was 176 g, and this copolymer had a Ml value of 0.78 
g/10 minutes, a density of 0.914 g/cm^ and a MT value of 9.3 g. 

so 

EXAMPLE 34 

(1) Chemical treatment and granulation of day mineral 

55 8 kg of a commercially available montmorillonite was pulverized by using a vibrating ball mill, and the 
pulverized montmorillon'rte was dispersed in 50 1 of a desalinated water having 10 kg of magnesium 
chloride dissolved and was stirred at 80* C for 1 hour. The solid component thus obtained was washed with 
water, and was dispersed in 56 1 of a 8.2% hydrochloric acid aqueous solution. The dispersion thus 
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obtained was stirred at 90* C for 2 hours and was washed with a desalinated water. 4.6 kg of the 
montmorillonite thus chemicafly treated was formed into an aqueous slurry having a solid content 
concentration of 15.2%. and the stuny thus formed was spray-granulated by using a spray drier. The 
granule obtained by this granulation had a spherical shape. 
5 Thereafter. 20 g of the chemically treated montmorillonite thus granulated, was further chemically 
treated in the same manner as in Example 32(1). 

(2) Preparation of catalyst component 

10 The chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated in the same 
manner as in Example 31(2). Thereafter, 3.0 g of the heat-dehydrated montmorillonite was placed in a 100 
mi flask, and a catalyst component was prepared in the same manner as in Example 31(3). 

(3) Copolymerization of ethylene-butene 

75 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4), except 
that 100.0 mg of the catalyst component obtained in the above step (2) was used and hydrogen was 
charged in an amount of 0.04 mol% (hydrogen/ethylene) in a gas phase in a reactor during polymerizafron. 
As this result, the amount of the ethylene-butene copolymer thus obtained was 150 g, and the shape of a 
20 particle was spherical. The copolymer thus obtained had a Ml value of 1.41 g/10 minutes, a density of 0.919 
g/arfi and a MT value of 33.1 g. 

EXAMPLE 35 

26 (1) Chemical treatment 

A hydrochloric acid-treated montmorillonite was obtained in the same manner as in Example 31(1) by 
using a commercially available montmorillonite. 

5 g of the hydrochloric acid=treated montmorillonite was dispersed in 100 ml of a desalinates water 
30 having 3.11 g of VCls dissolved, and the dispersion was stin'ed at 90*C for 3 hours. After this treatment 
the solid component thus obtained was washed with a desalinated water and was dried to obtain a 
chemically treated montmorillonite. 

(2) Heat-dehydration treatment 

35 

0.63 g of the chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated at 
200 'C for 2 hours under a reduced pressure. By this treatment the weight of the montmorillonite thus 
treated was reduced by 0.04 g. 

40 (3) Preparation of catalyst 

2.9 mi of toluene was added to the above obtained heat-dehydrated montmorillonite to form a slurry, 
and 1.2 mi of triethylaluminum/loluene solution (1.03 mmoi/mi) was added to the slurry under stirring at 
room temperature. After contacting these components at room temperature for 1 hour, a solid part was 
45 washed with toluene. To the solid part thus washed, was added 10 ml of toluene, and was further added 
2.4 mi of bi3(cyclopentadienyl)zirconium dichkMlde/loluene solution (20.0 umoi/imi). These components 
were contacted at room temperature for one hour to obtain a catalyst component 

(4) Copolymerization of ethylene-butene 

50 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4), except 
that 51 .7 mg of the catalyst component obtained in the above step (3) was used at 70* C for 30 minutes. 

The amount of the copolymer thus obtained was 217 g, and this copolymer had a Ml value of 0.75 g/10 
minutes, a density of 0.918 g/cm^ and a MT value of 5.7 g. 
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EXAMPLE 36 

(1) Chemical treatment 

5 A chemically treated montmorillonite was obtained in the same manner as in Example 35(1), except that 
4.9 g of Ti(S04)2*nH20 (n~4-6) was used in place of VCls. 

(2) Preparation of catalyst 

10 0.53 g of the chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated in 
the same manner as in Example 35(2), and a catalyst component was otnained in the same manner as in 
Example 35(3). 

(3) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4), except 
that 44.1 mg of the catalyst component obtained in the above step (2) was used. The amount of the 
copolymer thus obtained was 200 g, and this copolymer had a Ml value of 1.00 g/10 minutes, a density of 
0.920 g/cm^ and a MT value of 5.0 g. 

20 

EXAMPLE 37 

(1) Chemical treatment of clay mineral 

25 20 g of the hydrochloric acid-treated montmorillonite obtained in Example 31(1) was placed in a 1 I 
flask, and was dispersed in 400 ml of a desalinated water having 31.8 g of Cr(N03)8«9H20 dissolved and 
was stirred at 90'C fbr 3 hours. After this treatment, the solid component thus obtained was washed with a 
desalinated water and was dried to obtain a chemically treated montmorillonite. 

30 (2) Preparation of catalyst component 

The chemically treated montmorillonite otitained in the above step (1) was subjected to heat-dehydra- 
tion treatment in the same manner as in Example 31(2). Thereafter, 3.0 g of the heat-dehydrated 
montmorillonite was placed in a 100 ml flask, and a catalyst component was prepared in the same manner 
35 as in Example 32(2). 

(3) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted In the same manner as in Example 31(4). except 
40 that 100.0 mg of the catalyst component obtained in the above step (2) was used. As this result the amount 
of the ethylene-butene copolymer thus obtained was 110 g. and this copolymer had a Ml value of 0.09 g/10 
minutes, a density of 0.921 g/cm^ and a MT value of 25.5 g. 

EXAMPLE 38 

46 

(1) Chemical treatment 

15 g of a commercially available synthetic hectorite was dispersed in 200 ml of a desalinated water 
having 8.9 g of Zr(S04)2*4H20 dissolved, and was stirred at room temperature for 15 minutes and was 
50 filtrated to otytain a solid part. This operation was repeated further twice, and tite solid part thus obtained 
was fully washed with a desalinated water and was dried to obtain a chemically treated synthetic hectorite. 

(2) Preparation of catalyst 

55 1.38 g of the chemically treated synthetic hectorite obtained in the above step (1) was heat-dehydrated 
in the same manner as in Example 35(2), and the weight of the synthetic hectorite thus treated was reduced 
by 0.15 g. 
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4 ml of toluene was added to the hectorhe thus treated to form a slurry. Thereafter, 4^ ml of 
triethylaluminum/toluene solution (0.50 mmol/ml) was added to the slurry under stimng at room tempera- 
ture to contact the components at room temperature for one hour, and the solid part thus obtained was 
washed with toluene. To the washed solid part, was added 20 ml of toluene and was further added 3.4 ml 
5 of bis(cyclopentadienyl)zirconium dichloride/loluene solution (29 umol/ml) to contact the components at 
room temperature for one hour, thus ot>taining a catalyst component. 

(3) Copolymerization of ethylene-butene 

10 Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4), by using 
31.3 mg of the catalyst component obtained in the above step (2). The amount of the copolymer thus 
obtained was 27 g. and this copolymer had a Ml value of 0.75 g/10 minutes, a density of 0.915 g/cm^ and a 
MT value of 9.3 g. 

15 EXAMPLE 39 

(1) Chemical treatment 

A chemically treated synthetic hectorite was obtained in the same manner as in Example 38(1), except 
20 that 4.7 g of T1CI4 was used in place of Zr(S04)2*4H20. 

(2) Preparation of catalyst 

A catalyst component was obtained by conducting heat-dehydration treatment and catalyst preparation 
25 steps in the same manner as in Example 38(2), except that 1.35 g of the chemically treated synthetic 
hectorite olDtained in the above step (1) was used. 

(3) Copolymerization of ethylene-butene 

30 Copolymerization of ethylene-butene was conducted in the same manner as in Example 31(4). except 
that 33.5 mg of the catalyst component obtained in the above step (2) was used. The amount of the 
copolymer thus obtained was 159 g, and this copolymer had a Mi value of 0.75 g/10 minutes, a density of 
0.915 g/cm^ and a MT value of 17.3 g. 

35 EXAMPLE 40 

(1) Preparation of catalyst 

1.13 g of the chemically treated synthetic mica obtained in Example 17 was heat-dehydrated in the 
40 same manner as in Example 1(2). By this treatment, the weight of the synthetic mica was reduced by 0.13 
g. To the syntftetic mica thus treated, was added 20 ml of toluene to form a slurry, and 2.9 ml of bis- 
(cyclopentadienyl)zirconium dichloride^oluene solution (28 umol/innl) was added to the slurry. The compo- 
nents were contacted at room temperature for one hour to obtain a catalyst component 

45 (2) Copolymerization of ethyfene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4). except 
that 26.3 mg of the catalyst component obtained in the above step (1) was used at 70'C for 26 minutes. 
The amount of the copolymer thus obtained was 142 g, and the amount of the copolymer produced per g of 
50 the solid component was 5,400 g. 

EXAMPLE 41 

(1) Preparation of catalyst 

55 

A catalyst component was prepared in the same manner as in Example 40(1), except that the 
chemically treated synthetic mica was used In an amount of 0.25 g and the bis(cyclopentadienyl)zirconium 
dichloride/loluene solution was used in an amount of 3.1 ml. 
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(2) Copolymerization of ethylene-butene 

Copolymerization of ethytene-butene was conducted in the sanne manner as in Example 1(4), except 
that 6.0 mg off the catalyst component obtained In the alx)ve step (1) was used at 70* C for 40 minutes. The 
5 amount of the copolymer thus otrtained was 198 g. and the amount of the copolymer produced per g of the 
solid component was 33.000 g. 

EXAMPLE 42 

ro (1) Chemical treatment 

6.0 g off a commercially available montmorillonite (Aldrlch: Montmorlllonite K-10) was added to 1 1 of a 
desalinated water having 64.45 g off zirconium oxychloride»8H20 Cguaranteed reagent" prepared by Wako 
Junyaku) dissolved to form a slurry. The slurry thus formed was stirred at 70 *C for one hour and was 
IS filtrated, and the filtrated product was washed with 500 ml off hot desalinated water. Thereafter, the washed 
product was allowed to stand at room temperature ffor one night to obtain a chemically treated montmoril- 
tonite. 

(2) Heat-dehydration treatment 

20 

3.00 g of the chemically treated montmorillonite obtained in the above step (1) was heat-dehydrated in 
the same manner as in Example 35(2). By this treatment, the weight of the montmorillonite thus treated was 
reduced by 0.38 g. 

25 (3) Preparation of catalyst 

10.0 mg off a commercially available bis(cyclopent8dienyl)zirconium dichloride was placed in a 100 ml 
flask, the content of which was substituted with nitrogen. Thereafter, 10 ml off n-heptane was added thereto 
to form a slurry. 

30 In another fflask, was placed 1.21 g of trimethylaluminum. and 20 ml off n-heptane was added thereto. 
Also, the whole amount of the heat-dehydrated montmorillonite obtained in the above step (2) was placed in 
still another fflask and 20 ml of n-heptane was added thereto to form a slurry. The above prepared 
trimethylaluminum solution was dropwise added to the previously prepared bis(cyclopentadienyl)zirconium 
dichloride slurry while vigorously stirring, and the heat-dehydrated montmorillonite slurry was then dropwise 

35 added thereto. After the dropwise addition, the resultant mixture was continuously stirred for 2 hours to 
obtain a catalyst component. A zirconium concentration derived from bis(cyclopentadienyl)zirconium dichlo- 
ride of the slurry was 0.65 umol/ml . 

(4) Copolymerization of ethylene-propylene 

40 

300 ml of n-hexane. 0.6 ml of trimethylaluminum/toluene solution (10.18 mmol/i) and 1.0 ml of the 
above prepared catalyst slunry were introduced in this order at room temperature into a 2 I autoclave, the 
content of which was previously substituted with purified nitrogen. Further. 600 ml off liquid propylene was 
introduced thereinto. The resultant mixture solution was heated to 70 *C. and ethylene was introduced so as 
45 to make an ethylene partial pressure 17.6 kgf/cm^, and polymerization was conducted for 1 hour. 
Thereafter, the supplying off ethylene was stopped, and polymerization was terminated by introducing 
ethanol. As this result. 215 g off ethylene-propylene copolymer was obtained. The amount of the copolymer 
produced per g of zirconium derived from bis(cyclopentadienyl)zlrconium dichloride was 3.6x10^ g.Also, 
the amount off the copolymer produced per g off aluminum derived from trimethylaluminum was 23.700 g. 

so 

EXAMPLE 43 

840 ml of n-hexane. 0.1 mmol of triethytaluminum and 160 ml off 1-butene were placed in a 2 I 
autoclave, and were heated to 70 'C. Thereafter, 10 mg of the heat-dehydrated catalyst component 
55 obtained in Example 17 and 3 ml of bis(cyclopentadienyl)zirconium dichloride/loluene solution (1 
umol/ml) were introduced together with ethylene thereinto to maintain the total pressure at 25 kg/cm^, 
thereby conducting polymerization at 70 *C for 25 minutes. After 25 minutes, ethanol was added to 
terminate the polymerization. The amount off the ethylene-butene copolymer thus obtained was 198 g. Also, 
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the amount of the copolymer produced per g of the solid catalyst component was 19,800 g. 

COMPARATIVE EXAIWPLE 1 

5 (1) Preparation of catalyst 

A catalyst component was prepared in the same manner as in Example 42(3), except that 3.00 g of the 
chemically treated montmorillonite (water content = 12.7% by weight) olrtained in Example 42(1) was used 
in place of the heat>dehydrated product obtained in Example 42(3). In this case, when the montmorillonite 
10 slurry was dropwise added, heat was generated together with generation of gas. 

(2) Copolymerization of ethylene-propylene 

Copolymerization of ethylene-propylene was conducted in the same manner as in Example 42(4), 
IS except that 3.0 ml of the catalyst slurry obtained in the above step (1) and 1.9 mi of 
trimethylaluminum/toluene solution (10.18 mmol/I) were used. As this result, 217 g of ethylene-propylene 
copolymer was obtained. The amount of the copolymer produced per g of zirconium derived from bis- 
(cyclopentadlenyl)zirconlum dichloride was 1.2x10^ g.Also, the amount of the copolymer produced per g of 
aluminum derived from trimethylaluminum was 8,300 g. 

20 

COMPARATIVE EXAMPLE 2 

A catalyst component was obtained in the same manner as in Examples 24 to 26, except that 
granulated , montmorillonite of Examples 24 to 26 adjusted so as to have a water content of 6.5% by weight 
25 was used. 

Copolymerization of ethylene-butene was conducted in the same manner as in Examples 24 to 26 by 
using the above prepared catalyst component. T(ie amount of the copolymer thus obtained was 8.8 g, and 
the amount of the copolymer produced per g of the solid catalyst component was 220 g. 

30 COMPARATIVE EXAMPLE 3 

(1) Chemical treatment 

15 g of a commercially available synthetic mica was dispersed in 200 ml of a desalinated water having 
35 1 .3 g of KCI dissolved, and the dispei^on was stirred at room temperature for 30 minutes and was filtrated 
to obtain a solid part. This operation was repeated once more, and the solid part was fully washed with a 
desalinated water and was dried to obtain a chemically treated synthetic mica. 

(2) Preparation of catalyst 

40 

1.23 g of the chemically treated synthetic mica obtained in the above step (1) was heatKlehydrated in 
the same manner as in Example 1(2). By this treatment, the weight of the synthetic mica was reduced by 
0.004 g. 

10 ml of toluene was added to the heat-dehydrated synthetic mica to form a slurry, and 2.5 ml of 
4S triethylaluminum/toluene solution (1.0 mmol/ml) was added thereto to contact the components at room 
temperature for 1 hour. Thereafter, the solid component was washed with toluene. 

20 ml of toluene was then added to the washed solid component, and 3.5 ml of bis(cyclopentadienyl)- 
zirconium dichloride/toluene solution (28 umolAnl) was added thereto to contact the components at room 
temperature for 1 hour, thereby obtaining a catalyst component 

so 

(3) Copolymerization of ethytene-butsne 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 1(4). except 
that 45.6 mg of the catalyst component obtained in the above step (2) was used. The amount of the 
55 copolymer thus obtained was 2.5 g. and the amount of the copolymer produced per g of the solid catalyst 
component was 55 g. 
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COMPARATIVE EXAMPLE 4 

(1) Chemical treatment of clay mineral 

5 38 0 of a commercially available montmorilionite (*'Kunipia F" prepared by Kunimine Kogyo K.K.) was 
pulverized by using a vibrating ball mill for 4 hours. 

38 g of the pulverized montmorilionite was placed In a 500 mi four-forked flask, and 240 ml of a 
1 1 .5% hydrochloric acid aqueous solution was added thereto, and the contents were heated for 6 hours 
under refluxing while stirring. After the treatmertt, the contents were washed with water until the liquid part 

w becomes neutral, and were dried to obtain a chemically treated montmoriltonite. 

(2) Preparation of catalyst 

3.35 g of the chemically treated montmorilionite (water content 10.2% by weight) obtained in the above 
;5 step (1) was placed in a 100 mi four-forked flask, and was dispersed in 25 mi of toluene to form a slurry. 

On the other hand, 25 m! of toluene and 37.1 mmoi of trimethylaluminum were placed in another 100 
mi four-forked flask, and the whole amount of the above prepared slurry was dropwise added thereto at 
room temperature for 10 minutes under stirring. After the dropwise additbn. the contents were reacted at 
room temperature for 0.5 hour and further reacted at 100* C for 1 hour. Thereafter, the supernatant liquid 
20 was withdrawn to obtain a solid component, which was then washed with toluene. 

The solid component thus obtained was contacted with 31 ml of toluene and 15 ml of bis- 
(cyctopentadienyl)zirconium dichloride/toluene solution (18.7 umol/ml) added thereto at room temperature 
for 1 hour. Thereafter, the supernatant liquid was withdrawn to obtain a solid component which was then 
washed with toluene. 

25 

(3) Copolymerization of ethylene-butene 

740 ml of n-hexane, 0.1 mmol of triethylaluminum and 160 ml of 1-butene were added to a 2 1 
autoclave, and were heated to 70^0. Thereafter, 95 mg of the solid catalyst component obtained in the 
30 above step (2) was introduced together with ethylene thereinto to maintain the total pressure at 25.5 kg/or?, 
and polymerization was conducted at 70*C for 1 hour. After 1 hour, ethanol was added to terminate the 
polymerization. The amount of the ethylene-butene copolymer thus obtained was 38 g. and the amount of 
the copolymer produced per g of the solid catalyst component was 400 g. 

35 COMPARATIVE EXAMPLE 5 

(1) Chemical treatment of clay mineral 

50 g of a commerdally available montmorilionite ("Kunipia F" prepared by Kunimine Kogyo K.K.) was 
40 placed in a 500 mi four-forked flask, and 300 mi of a desalinated water having 40 g of MgCi2*6H20 
dissolved was added thereto, and the mixture was treated at 90' 0 for 1 hour under stirring. After the 
treatment, a solid treatment was washed with water. This treatment operation was repeated further once to 
obtain a MgCi2-treated montmorilionite. The montmorilionite thus treated was dried, and was pulverised for 
4 hours by using a vibrating ball mill. The pulverized montmorilionite was used as a chemically treated 
4S montmorilionite. 

(2) Preparation of catalyst 

2.68 g of montmorilionite (water content: 13.9% by weight) treated with MgCi2 and pulverized in the 
60 above step (1) was placed in a 100 mi four-forked flask, and was dispersed in 20 mi of toluene to fonnn a 
slurry. 

On the other hand, 20 ml of toluene and 37.3 mmoi of trimethylaluminum were placed in another 100 
mi four-forked flask, and the whole amount of the above prepared slurry was dropwise added thereto at 
room temperature for 10 minutes. After the dropwise addition, the mixture was reacted at room temperature 
55 for 0.5 hour and further at 100*0 for 1 hour, and the supernatant lk)uid was withdrawn to obtain a solid part 
which was then washed with toluene. The solid part thus obtained was contacted with 20 ml of toluene and 
6.5 mi of bis(cyclopentadienyl)zirconium dichloride/toluene solution (28.9 umol/mi) at room temperature 
for 1 hour. Thereafter, the supernatant TiqukJ was withdrawn to obtain a solid component, which was then 
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washed with toluene. 

(3) Copolymerization of ethylene-butene 

5 Copolymerization of ethylene-butene was conducted in the same manner as in Comparative Example 4- 
(3), except that 95 mg of the solid catalyst component obtained in the above step (2) was used. The amount 
of the ethylene-butene copolymer thus otitained was 14 g. and the amount of the copolymer produced per 
g of the solid catalyst component was 150 g. 

10 COMPARATIVE EXAMPLE 6 

(1) Preparation of catalyst 

12.4 g of granulated montmorillonite obtained in Example 23(1) before subjecting to heat-dehydration 
15 treatment was placed in a 500 ml four-forked flask, and was dried at room temperature for 3 hour under a 
reduced pressure. By this treatment the weight of the granulated montmorillonite was reduced by 0.58 g. 
The granulated montmorillonite thus treated had a water content of 5.6% by weight (this amount was 
determined on the basts of the weight reduction caused when subjected to heat-dehydration treatment at 
200 * C for 2 hours). 

20 10 g of the above obtained water-containing montmorillonite was placed in a 500 ml four-forked flask, 
and 29 ml of toluene was added thereto, and the mixture was heated to 70*C under stirring. Thereafter. 
7.9 ml of triethylaluminum/loluene solution (3.94 mmol/ml) was dropwise added thereto at 70'C for 5 
minutes. After the dropwise addition, the mixture was reacted at 70*C for one hour, and the supernatant 
liquid was withdrawn to obtain a solid component, whteh was washed with toluene. Toluene was further 

25 added to the washed solid component to form a slurry. 

11 ml of the toluene slurry (solid component: 0.94 g) was placed in a 100 ml four-forked flask, and 2.2 
ml of bis(cyck)pentadienyl)zirconium dichloride/loluene solution (35.3 umol/mi) was added thereto at 
room temperature under stirring to contact the components at room temperature for 1 hour. Thereafter, the 
supernatant liquid was withdrawn to obtain a solid component, which was then washed with toluene. 

30 

(2) Copolymerization of ethylene-butene 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 23(4), except 
that 76 mg of the solid catalyst component obtained in the above step (1) was used. The amount of the 
35 ethylene-butene copolymer thus obtained was 160 g, and the amount of the copolymer produced per g of 
the solid catalyst component was 2,100 g. 

COMPARATIVE EXAMPLE 7 

40 (1) Preparation of catalyst 

50 g of a commercially available montmorillonite was pulverised for 6 hours by using a vibrating ball 
mill. 1.49 g of the pulverized montmorillonite was placed In a 100 ml flask, and was subjected to heat- 
dehydration treatment at 200* C for 2 hours under a reduced pressure. By this treatment, the weight of the 

45 puh^erized montmorillonite was reduced by 0.20 g. To the montmorillonite thus treated, was added 10 ml of 
toluene to form a slurry. Thereafter, 2.6 mmol of triethylaluminum was added to the slurry at room 
temperature under stirring to contact the components at room temperature for 30 minutes. Thereafter. 5.9 
ml of bis(cyclopentadienyl)zirconium dfchloride/toluene solution (35 umol/ml) was added thereto. After 
contacting the components at room temperature for 5 minutes, ethylene was flown therethrough at room 

so temperature for 1 hour. After stopping the flowing of ethylene, the supernatant liquid was withdrawn to 
obtain a solid component, which was then washed with toluene. The solid component thus obtained 
contained 0.16 g of ethylene polymer per g of clay mineral. 

(2) Copolymerization of ethylene-butene 

55 

Copolymerization of ethylene-butene was conducted in the same manner as in Example 23(4). except 
that 61.5 mg (weight excluding the polymer) of the solid component obtained in the above step (1) was 
used. The amount of the copolymer thus obtained was 1.7 g, and the amount of the copolymer produced 
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per g of the solid component was 28 g. 

As mentioned above, the catalyst of the present invention and the polymerization method using the 
same provide an extremely high polymerization activity per not only a transition metal and At but also a 
solid component in olefin polymerization, and it is not necessary to remove a catalyst residue from a 
5 polymer produced. Thus, they are industrially very useful, and moreover a polymer produced by the 
polymerization method of the present Invention is excellent in melt tension, thus remarkably improving 
moldability of the polymer. 

Claims 

10 

1. A catalyst for polymerizing an olefin, which comprises, as the essential components. (A) a melallocene- 
type transition metal compound and (B) at least one member selected from the group consisting of (1) 
an ion-exchanging layered compound other than a silicate and (2) an inorganic silicate, which is 
obtained by salt-treatment and/or acid-treatment and which has a water content of not higher than 3% 

15 by weight. 

2. The catalyst according to Claim 1, wherein the component (B) has a water content of not higher than 
1% by weight. 

20 3. The catalyst according to Claim 2, wherein the component (B) is prepared by subjecting heat- 
dehydration treatment under an inert gas atmosphere or a reduced pressure, thereby controlling the 
water content to not higher than 1% by weight. 

4. The catalyst according to Claim 2, wherein the component (B) is obtained by salt-treatment. 

25 

5. The catalyst according to Claim 2, wherein the component (B) is obtained by salt-treatment and acid- 
treatment. 

6. The catalyst according to Claim 1. wherein the component (B) before subjecting to salt-treatment and 
30 acid-treatment contains at least 0.1% by weight of an exchangeable metal cation of Group 1 of the 

long-form Periodic Table. 

7. The catalyst according to Claim 6, wherein the component (B) tjefore subjecting to salt-treatment and 
acid-treatment contains at least 0.5% by weight of an exchangeable metal cation of Group 1 of the 

35 long-form Periodic Table. 

8. The catalyst according to Claim 1, wherein the salt used in the salt-treatment is a water-soluble 
compound or an acidic aqueous solution-soluble compound, which comprises a cation of at least one 
atom selected from the group consisting of atoms of Groups 2 to 14 of the long-form Periodic Table 

40 and an anion of at least one member selected from the group consisting of a halogen atom, an 
inorganic acid and an organic acid. 

9. The catalyst according to Claim 8, wherein the halogen atom, inorganic acid and organic acid ions are 
selected from the group consisting of Cl, Br, 1. F. PC*, SO4. NOa. COa, CaO*, CIO4. OOCCHa, 

45 CHaCOCHCOCHa, OCI2, 0(N08)2, 0(ClO4)2. 0(S04). OH. Q2Cl2, OCla, OOCH, 00CCH2CHa. 
C2H4O4 and 

10. The catalyst according to Claim 6, wherein the component (B) before subjecting to salt-treatment and 
acid-treatment has at least 40% by weight of the exchangeable Group 1 metal cation ion-exchanged 

so with a cation of at least one atom selected from the group consisting of Groups 2 to 14 atoms of the 
long-form Periodic Table. 

11. The catalyst according to Claim 10, wherein the component (B) before subjecting to salt-treatment and 
acid-treatment has at least 60% by weight of the exchangeable Group 1 metal cation ion-exchanged 

55 with a cation of at least one atom selected from the group consisting of Groups 2 to 14 atoms of the 
long-form Periodic Table. 

12. The catalyst according to Claim 1. wherein the acid-treatment is treatment with an inorganic acid. 
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13k The catalyst according to Claim 1, which further comprises (C) an organic aluminum compound. 

14. The catalyst according to Claim 1, wherein the component (A) is an organometallic compound 
composed of a cydopentadienyl ring-containing ligand and a metal of Group 3. 4. 5 or 6 of the long- 

5 fomi Periodic Table. 

15. The catalyst according to Claim 1. wherein the component (A) is a compound of the formula (1) or (2): 

(CpR'«H5-a)p(CpR2bH5-b)qMB^ (1) 

[(CpR^3H5-a)p(CpR2bH5-b)qMRMHj"nR*r- (2) 

wherein CpR^aHs-a and CpR^bHs-b are a cydopentadienyl (Op) group derivative; 

each of R^ and which may be the same or different, is a Ci-20 hydrocartwn group which may 
IS be sut)stituted, a silicon-containing group, a phosphorus-containing group, a nitrogen-containing group 
or an oxygen-containing group; 

is a C1-20 hydrocart>on group which may t>e substituted, hydrogen, halogen, a silicon- 
containing group, an alkoxy group, an aryloxy group, an amide group or a thioalkoxy group; 
M is an atom of Group 3, 4, 5 or 6 of the long-form Periodic Table: 
20 L is an electrically neutral ligand and m is an integer of 0 or more which indicates the number of 

the ligand; 

[R^r~ is one or two or more anion to neutralize a cation and n is the valence of the anion or the 
cation; and 

p, q and r are 0 or positive integers which satisfy the equation, p + q + r = V(V = the valence of M), 
26 in case that the component (A) is a melallocene-type transitton metal compound of the formula (1), or 
p. q and r are 0 or positive integers which satisfy the equation, p'^q-i-r^V-n, in case that the 
component (A) is a metallocene*type transition metal compound of the formula (2). 

16. The catalyst according to Claim 15. wherein M in the formula (1) or (2) is titanium, zirconium or 
00 hafnium. 

17. The catalyst according to Claim 13, wherein the component (C) is a compound of the formula, 
AiR^jXs-i 

35 

wherein R^ is a Ci -20 hydrocarbon group. X is hydrogen, halogen or an alkoxy group, and j is 0<j$3. 

IS. A method for polymerizing an olefin, which comprises homopoiymerizing or copoiymerizing an olefin in 
the presence of the catalyst according to Claim 1. 

40 
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